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ABSTRACT 
India is a country in which iron deficiency is quite common among children, adolescents, and 
ii 
pregnant/lactating women. And this deficiency may be more prevalent in rural areas and in energy 
deficient diets. This study was conducted in a rural town located in the state of Maharashtra in the 
southwestern part of India. The targeted group for this study was male and female students, 
between the ages of 13 to 17 attending rural schools. These ages were selected as opposed to other 
age groups because the need for energy and iron is increased due to increased physiological needs 
at this age. The 113 participants (50 females, 63 males) attended the gt\ 9t\ and 10th grades of 
Vidya Vardhini English Medium School and the junior college at Maharashtra Udaygiri 
Mahavidalaya. 
A food frequency questionnaire and recipes for preparing the typical Indian foods 
were developed in collaboration with the students' parents and featured 48 commonly 
consumed foods divided among ten food groups. A detailed data set was developed that 
included the gram weight of each ofthe serving sizes of the cooked food items taking into 
account consistency and texture as well as quantity of food in each of five portions found 
on the questionnaire. Males (m=3174 kcal) but not females (m=2164 kcal, p=0.044) met 
the Food Agricultural Organization recommendations for kcal, 3109 and 2418, 
respectively. Considering that the iron in the diet was plant based and 5% available, males 
significantly exceeded the F AO recommendations (34.8 mg/day) with a mean intake of 
63.8 mg/day (p=0.00l). However, females with an intake of 45.4 mg ofironlday were 
significantly below the FAO recommendations of 63 mg/day (p=O.OOl). These data have 
implications for nutrition of female adolescents. The results speak to the need to educate 
adolescent females regarding good sources of iron to meet the increased iron needs of 
adolescence that would prepare the females for future child bearing and would increase the 
economic contribution of an adequately nourished female population. 
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Chapter I: Introduction 
India is one of the oldest living civilizations. Throughout the centuries India has been 
invaded by many foreign rulers that have brought new cultures and influences to the country. 
However, India has been able to maintain its integrity by amalgamating new things into its vast 
cultural legacy and diversity. Before independence from British in 1947 India was divided by 
many small kingdoms and provinces. After gaining independence the republic of India was 
formed by union of all these provinces (History of Republic of India, n. d.). At the time of 
independence India stood amongst the poorest and underdeveloped nations of the world. 
According to O'Neill and Poddar (2008), the Indian economy demonstrates a prospect for 
sustained growth till the year of 2050, and after six decades of independence with such a growth 
potential India is projected to become a developed nation by the year of 2050. Nevertheless, the 
vision to become a developed nation is threatened by factors such as corruption, illiteracy, 
underdeveloped infrastructure, vast population growth, and poor health standards and medical 
services. Of all these factors, two of them regarding population and health standards are a matter 
of public health concern. Increased growth of the population has made it difficult to keep pace 
with the accessibility of health services by the people who need it the most. The demographic 
census conducted by the government of India in 2001 showed an approximate population of 1.1 
billion (India demographics, 2009). This figure represents 15 percent population of the world's 
population. It is predicted that India will replace China as the most populous nation of the earth. 
Health related issues remain a big challenge for a developing country like India. The 
spectrum of diseases includes clinical, infectious and nutritional deficiencies (Country Health 
System Profile, n. d.). Significant progress has been made on diseases associated with clinical 
and infectious cases (Country Health System profile, n. d.). However, indicators and statistics 
related to these speak a different note indicating the need to improve resources connected to 
health parameters (Country Health System Profile, n. d.). A major problem area is nutritional 
conditions. Of all the issues, nutrition can be dealt aggressively as cost efficiency and resource 
utilization are less compared with the clinical and infectious issues. 
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Nutrition and its related problems are not only prevalent due to lack of health agencies, 
but nutritional issues are compounded with many other factors. In a typical Indian society diets 
and food choices are influenced by cultural, economic, social, regional, religious, ethnic, and 
many other connected factors (Gopalan, Rama Sastri, & Balasubramanian, 2004e). Then each of 
the factors is further classified into many causes. Some of these causes are literacy rate, 
economic class, caste, cultural beliefs, regional food availability, and lmowledge regarding 
nutrient intakes. 
Nutritional problems in India are not restricted to making poor food choices or having too 
little nutrient dense food. Extreme cases are manifested in terms of deficiency disorders. 
Statistics provided by World Health Organization website for year 2000 on various parameters of 
the national nutritional profile shows India as having a high prevalence and incidence rates for 
macro and micronutrient deficiencies (Nutritional profile ofIndia, n.d.). Deficiencies include 
energy, vitamin A, B-complex vitamins, iodine, and iron (Gop alan, Rama Sastri, 
Balasubramanian,2004e). According to the World Health Organization website (2009) protein 
energy malnutrition, vitamin A related night blindness, iodine deficiency goiter, and iron 
deficiency anemia are the four major causes of deficiencies in India. Gopalan, Sastri, and 
Balasubramanian (2004e) describe these deficiencies as the "big four" that are the major 
concerns for health authorities in the country, and they insist that B-complex deficiencies be 
added to the list. 
Of all the deficiency diseases, nutritional anemia is prevalent among all the segments of 
the Indian population. Gopalan et al. (2004e, p. 38) states "Anemia is another important 
nutritional problem, affecting all segments of the population in general, and children, women, 
and pregnant women in particular." Gopalan et al. (2004e) relays that protein energy 
malnutrition and vitamin A deficiency is widely prevalent in children. Gopalan et al. (2004e) 
describes prevalence of iodine deficiency as endemic in the northern part ofIndia in the sub-
Himalayan belt. 
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The joint statement issued by the WHO and UNICEF (2004) relates that the causes of the 
world's nutritional anemias are iron, folic acid, vitamin B-12 and vitamin A. In India anemia 
due to iron, folate, andlor vitamin B-12 are quite common. Folic acid deficiency is more 
common in vegetarians and is prevalent among the entire population but appears to target 
pregnant women (Gopalan, Rama Sastri, & Balasubramanian, 2004a). Of all the causes of 
anemia, iron deficiency anemia accounts for the highest number of cases (WHO, 2004). WHO 
(2004) provides alarming estimates of the total world cases of anemia, with approximately two 
billion of the world's population affected. WHO, UNICEF and UNU (2001) attribute 50% of the 
cases of the two billion estimate of anemia to iron deficiency anemia. India represents a large 
number of the world's cases with all age groups being affected at least once in a life time. WHO 
(2008) in collaboration with the Ministry of Health and Family Welfare in India provides some 
interesting percentages regarding prevalence of anemia. The Ministry of Family and Health 
Welfare conducted the National Family Health Survey during 2005-06 and reported the 
following percentages of prevalence among the different population segments of India: pre-
school children at 79.2%, adult men 24.3%, lactating women 77.70% and adolescent girls at 68-
70% (NFHS, 2003). 
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The World Health Organization (2008) global database provides incidence of anemia 
based upon hemoglobin levels. This database has provided comprehensive details regarding 
incidence per state, region and city depending upon the sample population studied during the last 
three decades. However, this database does not provide the actual figure for incidence of total 
cases with iron deficiency anemia in India. The Indian Medical Association (Anemia free India, 
n.d.) sampled over 250,000 people all over India to determine the percentage of children affected 
by anemia. Results for teenagers between the ages of 10-19 years indicated the presence of 
anemia with cut off values of hemoglobin at 12 and 13 grams in 80% and 87% of girls 
respectively. (Anemia free India, n. d.). 
Iron deficiency anemia occurs due to multiple causes, mainly physiological, clinical and 
nutritional. Nutrition plays an essential role in preventing the occurrence of iron deficiency and 
its clinical manifestations. Sharma (2003) attributes important causes contributing to iron 
deficiency anemia are decreased consumption of iron, poor food choices, decreased absorption of 
natural forms of iron from the plant food diet, and presence of factors inhibiting the absorption of 
iron from the diets. Non-specific causes such as the social, regional and economic problems 
aggravate the nutritional causes of iron-deficiency anemia (WHO, 2004). 
Clinical manifestations vary for the different ages and genders affected by the iron 
deficiency. Manifestations range from developmental defects to reduced work capacity. The age 
groups that need specific attention are infants, children (both pre-school/school age), adolescents, 
menstruating females, pregnant and lactating women (WHO, 2008). Sharma (2003) states no 
age group is safe as far as deficiency is concerned even male adults are affected in terms of 
weakness and decreased work performance. The changes are reversible in this age group as 
compared to developmental defects present in other age groups. 
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The majority of the population in Indian mainly consumes vegetarian diets. Most of the 
recipes include spices and condiments to add flavor and taste. Additions of these condiments to 
recipes that make up the Indian diets have not been extensively studied to depict benefits of each 
of them, especially in terms of absorption of specific nutrients or of adding additional iron to the 
dish. The methods of preparation of each recipe may hinder or improve the availability of iron 
for absorption. 
The foremost question is the pivotal role that absorptionlbioavailability of iron plays in 
the incidence of iron deficiency anemia. For instance a food low in iron but from which iron 
absorption is high may not increase the incidence of anemia. Absorbable iron occurs in two 
forms; the heme and non-heme. Heme iron is present in animal sources and has a higher rate of 
absorption. Non-heme iron is mainly found in the plant-based foods and has a lower rate of 
absorption. Adding to the complexity of this issue of low absorption is the presence of inhibitors 
found in the plant foods that make of the vegetarian diets such as phytates and tannins. 
Some agencies have examined iron intake of the Indian population. Local governmental, 
international and non-governmental non-profit agencies have been instrumental in conducting 
studies in India. These organizations include the Ministry of Health and Family Welfare, WHO, 
UNICEF, and Nutrition Foundation oflndia (WHOIUNICEFIUNU, 2001). However, additional 
studies are needed to focus on regional foods and food preparation method to address public 
health problems especially those related to iron deficiency anemia. When conducted, these future 
studies should address regional food habits, regional availability of foods, social, religious, and 
economic factors influencing iron intake. In order to address these issues, the present research 
was planned and conducted. 
A structured quantitative food frequency questionnaire was developed for the present 
research considering all the above mentioned factors: regional food habits, regional availability 
of foods, religious and economic factors. The focus of the present study was to assess food 
frequency patterns, energy, and iron intake of an adolescent population from rural India. This 
study will be useful as a model to develop additional studies utilizing the Indian-specific food 
frequency questionnaire to examine the regional factors that impact food intake and iron 
deficiency, which the NFHS (2003) states is at the incidence level of 68-70% among adolescent 
girls, pre-school children at 79.2%, and lactating women at 77.70%. In addition, specific 
instruments that concentrate on specific macronutrients or micronutrients could be designed 
based on the food frequency questionnaire model developed in this study to address iron as well 
as other deficiencies in India. Different segments of the population in different areas with 
diverse food habits could be targeted. 
Statement of the Problem 
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In developing countries such as India various factors playa role in determining the diet 
and nutrient intakes of the population. Nutrient deficiency diseases are widely common among 
various population segments (Gopalan, Sastri, & Balasubramanian, 2004e). Nutritional anemia's 
and iron deficiency anemia are major public health problems requiring interventions by the state 
and federal government, but also by international agencies to cover such a mammoth population. 
Iron deficiency anemia is highly prevalent among the infants, children between 1-17 years of age 
and pregnant, lactating, and menstruating women and often present with irreversible clinical 
conditions that increase morbidity and mortality (Gop alan, Sastri, & Balasubramanian, 2004e). 
The estimation of iron deficiency in men is 24.3% (NFHS, 2003). Few studies have examined 
the iron intake of rural populations of India and even fewer have investigated the iron intake of 
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adolescents. Therefore, there is a need to develop methods to assess the intake of iron and energy 
in the Indian population, especially adolescents. The instrument developed considered the many 
confounding and overlapping factors that influence diet such as the regionally available foods, 
common preparation methods, spices, and typical portion sizes consumed. The goal of the 
present research was to develop such an instrument. 
Purpose of the Study 
The purpose for this study was to develop a food questionnaire that included regional 
foods and regional preparation methods and to assess frequency intakes, dietetic meal patterns, 
overall energy and iron intake of adolescents from ages 12-17 years. To determine iron status, 
daily iron intakes were compared to recommended iron intakes of the Food and Agriculture 
Organization. Energy intakes for males and females for these age groups were also compared 
with recommended energy values of the Food and Agriculture Organization. Higher energy and 
iron needs are due to increased growth of both genders and loss of iron in menstruating females. 
The outcome of the study should assist health authorities in making recommendations for the 
target population. Data can be disseminated or compared with similar kinds of studies for other 
nutrients in other regions, states and at the national level. Dietary intakes and deficiencies of iron 
and other nutrients can be bridged by assessing the intakes and counseling the populace 
regarding what food choices are needed to maintain a healthful nutritional status. Outcomes of 
this study may help policy makers to design, formulate strategies, and implement effective 
program interventions at national and regional levels and increase awareness of this deficit. 
Assumptions of the Study 
One assumption of the study was that the students could choose both the typically 
consumed portions and frequency of eating (monthly, weekly or daily) of each of the food items 
honestly and correctly. Another assumption was that the foods chosen for the questionnaire 
reflected accurately the regional foods and the regional food preparation methods so a precise 
estimate of iron and energy intake could be determined by the researcher. 
Definition of Terms 
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Anemias. The medical dictionary (Anemia's, 2009) defines anemia as a state caused by 
decreased number of red blood cells or hemoglobin with decreased oxygen supply to the tissues. 
Bajra. Bajra is a pearl millet widely grown in Africa and India. Bajra is grown in only 
few states of India. The pearl millet is powdered into flour and prepared in unleavened bread. 
This bread is baked on a metallic pan till it is golden brown in color. This bread is consumed on 
very special occasions like festivals. 
Bengal gram. Bengal gram also known as chick peas belongs to family Fabaceae used as 
common edible legume. Bengal gram is used in preparation of dal in India. 
Bioavailability. McGraw-Hill Concise Dictionary (Definition ofbioavailability, 2002) 
defines bioavailability as a substance available to the required tissue after intake thus showing or 
demonstrating time and degree of absorption in the gastrointestinal tract. 
Bitter gourd. Bitter gourd or Momordica charantia is a tropical and subtropical vine of 
the family Cucurbitaceae, widely grown for edible fruit, which is among the most bitter of all 
vegetables. This vegetable is used for its medicinal value. The main preparation method is as a 
curry along with other ingredients. 
Bottle gourd. Bottle gourd as a common variety of hard-shelled gourd, also called 
"white-flowered gourd" and "calabash gourd." The common mode of preparation is as a 
vegetable curry marinated with spices and condiments. 
Brinjal. Brinjal also called eggplant belongs to the family Solanaceae that bears fruit. 
Brinjal is commonly used as a vegetable in cooking and is native to India and Sri-lanka. 
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Chapatti. Britannica (Chapatti, 2009) describes chapatti as a raised flat crisp bread made. 
from grains typically consumed in India. This flat bread in local language is pronounced as 
chapatti. 
Chutneys. Chutney as a term used in the local language for a variety of sweet and spicy 
condiments, usually involving a fresh, chopped primary vegetable or fruit with added seasonings. 
Chutneys may be dry or wet or in the form of a powder. 
Incidence. Hennekens and Buring (1987) define incidence as addition of new cases in 
population at risk during a given period of time. 
Coriander leaves. The Britannica (Coriander, 2009) claims coriander leaves is the 
common name for the dried fruit of Coriandrum sativum, a feathery annual herb of the carrot 
family which tastes like a combination of lemon peel and sage. Coriander leaves are used as a 
flavoring agent commonly used in preparations of chutneys. 
Dal. Dal is a preparation made of pulses and legumes with their outer hulls stripped and 
split. Dal has a porridge-like consistency and is eaten daily in most of households in India. 
Fenugreek. Fenugreek belongs to family Fabaceae. It is used as an herb (the leaves) and 
as a spice (the seed). Throughout the world it is cultivated as a semi-arid crop and is also 
frequently used in a curry. It is cultivated worldwide as a semi-arid crop. It is frequently used in 
curry. 
Ground nuts. Ground nuts also commonly known as peanuts are used to prepare a dry 
powdered form of chutney. 
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Heme iron. This iron is defined as an iron-containing molecule binding with protein(s) 
forming a side chain to form hemo-proteins. The major source of this iron is from animal tissues 
(Heme, 2009) 
Iron deficiency anemia. The medical dictionary (2009) defines this anemia as caused by 
deficiency of iron due to various natural, clinical, and nutritional causes. 
Jowar. Jowar also known as sorghum belongs to a family of grasses. In India, jowar is 
cultivated in a few states and the grain is ground into flour to prepare flat breads as chapatti. 
Kadhi. Kadhi is a traditional Indian dish ate with rice or chappati. Usually kadhi is made 
of chickpea, yogurt, spices, and water. 
Kheer. Kheer is a dessert prepared from rice, milk and sugar. Flavoring agents can be 
added to make lmeer more palatable. Usually lmeer is prepared on festive occasions. 
Khichidi. Khichdi is a South East Asian dish made of rice and lentils. Khichidi is 
consumed commonly in some states of India. 
Ladies Finger. Ladies finder is also called okra and is usually used to prepare vegetable 
curry. 
Non-heme iron. This iron is the source of iron found mainly in plant sources and is a 
form of iron that does not have the porphyrin ring. 
Prevalence. Hennekens and Buring (1987) define prevalence as proportion of people 
experiencing problems during the designated time. 
Red gram. Red gram also called pigeon pea belongs to the family Fabaceae. Red gram is 
a lentil commonly used to prepare dal in India. 
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Limitations of the Study 
A limitation of the study was the fact that no biochemical confirmation of anemia was 
completed. It would have been valuable to have laboratory data to connect the dietary intake of 
iron to iron status. In addition, menstruation status of young adolescent females was not 
determined. Thus the recommendation ofWHOIFAO for menstruating females was used to 
compare the dietary intake of iron of all adolescent females. Thus the higher level of iron was 
used to evaluate the non menstruating females. This could have increased the numbers of 
females not meeting the WHOIF AO recommendation for iron 
The instrument designed for the study follows a pattern of questionnaires developed and 
used in western developed countries. Use of such an instrument to conduct nutrient studies is a 
new phenomenon in this part of India. Studies utilizing a similar instrument have been performed 
in the past in India but have been variable due to different objectives of those projects. Thus the 
validity of the instrument evidently developed and utilized to collect data for this study has not 
been tested. Foods included in the study focused mainly upon the lunch and dinner menus of a 
day. The study did not include breakfast or snacks that are consumed at different times of the 
day. As a result, energy and iron intakes might be reduced. It is noteworthy that the lower 
economic groups do not consume breakfast or substantial snacks. Another limitation is that the 
student participant's interpretation of the type of food, the portion sizes and frequency of 
consumption might be inaccurate. A choice between five sizes may have been difficult as these 
students may not have ever assessed their food intake in quantifiable terms. Since eating meat 
carries a certain stigma and is sometimes associated with religious practices, meat products may 
be purposefully under estimated. 
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Methodology 
A food frequency questionnaire was developed from the regionally available foods to 
assess energy and iron consumption. Male and female students between the ages of 13-17 years 
from high schools and a junior college responded to the 48 food item quantitative food frequency 
questionnaire. The questionnaire was divided into ten food groups. This study was conducted 
during September-October 2008 in a rural town located in the South West part of India. Officials 
from high schools and junior college were contacted asking for permission to conduct the study 
with regard to possible assistance from the staff. An initial meeting was called inviting parents 
of all students to explain the nature, benefits and desired outcomes of the study. Consent forms 
were signed by parents who were willing to allow their students to participate in the study. The 
consent form made it clear the relationship of the link to iron in food to health with the statement 
that "This questionnaire will focus on intake of foods containing iron required for daily growth." See 
AppendixA. 
Parents also attended a series of meetings, to assist the researcher in preparing a recipe 
database, determining modes of consumption and to provide details of the approximate sizes of 
typically consumed portions by their children. Standardization of portion sizes was done and 
demonstrated in class before the questionnaire was administered to facilitate the student's 
understanding of the responses in the questionnaire. The intake of iron and energy consumed was 
then compared to the Food and Agriculture Organization recommendations for adolescent males 
and females. Due to lack of funding, biochemical data were not collected to confirm iron-
deficient anemia. This would be a suggestion for further research on this topic. However, data 
collected by the National Family Health Services (2005-2006) indicates anemia prevalence 
among adolescent females is at 68-70% and the prevalence in males is currently at 24.3%. 
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Chapter II: Literature Review 
Nutrition and its related health problems present a big challenge for present day modem 
India. Deficiencies are widely prevalent among every segment of the population affecting both 
the health and prosperity of the nation. These deficiencies include both the macro and 
micronutrients. Macronutrient deficiency is manifested in terms of decreased energy intake from 
carbohydrates, proteins and fat. The major source of deficit in the overall energy consumption 
comes from the protein sources. Most of the population is undernourished, mainly in protein 
intake. Protein energy malnutrition is widespread in infants, pre-school children, school 
children, adolescents and to some extent in pregnancy and lactation (NFHS, 2005). Diets lacking 
in complete protein markedly affect growth during these years. Micronutrient deficiencies of 
both vitamins and minerals are also quite common (Gop alan, Rama Sastri, & Balasubramanian, 
2004e). Iron deficiency anemia is the most important cause of concern due to involvement of so 
many age groups and the irreversible complications. 
Anemia is associated with multiple causes. Nutrition certainly plays an important role in 
causation ofthe deficiency and disease related complications. In Indian society many non-
specific factors also contribute to anemia. These non specific causes are the social, religious, 
regional, cultural, economic and ethnic factors (Gop alan, Rama Sastri, & Balasubramanian, 
2004e). Besides these factors, the diets based upon plant foods, the poor iron absorption rate 
from these plant diets, promoters/inhibitors found naturally in the plant diets as well as cooking 
methods affect the nutritive value of the food. Iron is the key element present in the hemoglobin 
of the red blood cells. Hemoglobin carries oxygen required for metabolism of the nutrients by the 
cells. Anemia is associated with many clinical symptoms and complications. 
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The recommended dietary allowances for iron vary with different age groups and 
genders. The United States uses the Recommended Dietary Allowance, which is the basis for 
evaluating dietary intakes in the US (Institute of Medicine, 2001). However, in developing 
countries, the F AO/WHO is the standard by which dietary intakes are based. The F AO/WHO 
provides standard intake values at different iron bioavailabilities. The Recommended Dietary 
Allowance for iron is lower than the FAO/WHO standards because the FAO/WHO takes into 
account lower bioavailability of iron in plant based diets as well as inhibitors found in the plant 
based diets. 
Non Specific Factors Having an Influence on Diets 
. Social factors. Poverty and illiteracy are some of the social factors related to diets and 
the incidence of anemia. Estimates provided by the government of India as per 2007 show 220.1 
million of the population is still below the poverty line (Poverty in India, n. d.). The Food and 
Agriculture Organization and the International Life Sciences Institute (1997) states poverty 
results in decreased food choices, the inability to make choices from the existing resources and 
results in poor hygiene when preparing and consuming foods that can further lead to infectious 
diseases thus compounding the micronutrient malnutrition. With inadequate money to purchase 
foods and in order to meet the diet needs, the poor compensate with foods that fall short of 
individua1' s daily nutrient requirements. The Government ofIndia estimates as of 2001, the 
overall literacy rate is at approximately 65%, with 75.2 % of the males and 53.6 % of the females 
as literate (Literacy, 2008). An education provides a better understanding of nutrients, the 
nutrient's related benefits, and sources of food to overcome and to prevent deficiencies. These 
percentages show that India must improve the literacy rate, which inadvertently affects the 
population's ability to make healthy food choices. 
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Religious Factors. Religion is deeply rooted in the Indian society. Religious factors have 
influenced food choices throughout the ages. According to the Pew Forum (Religious 
demographic profile, n.d.) census conducted by the Government ofIndia in 2001 the following 
percentage affiliations to various religions were noted: Hindu at 80%, Muslim at 13.4%, 
Christian at 2.3%, Sikh at 1.9%, Buddhist at 0.8% and Jain at 0.4%. Of all these religions that 
co-exist, Muslims, Sikhs and Christians consume meats at some periods of the month. These 
religions are subdivided into castes, but this division does not affect consumption of meats. 
Hindu society is divided into many castes and sub castes. Most of the people in this religion base 
their diets upon a vegetarian type of diets. There are certain caste and sub castes of Hindu which 
eat meat on certain occasions. 
Regional Factors. Before the British era the Indian mainland was divided into smaller 
kingdoms and provinces. Each kingdom in itself represented a region with development of its 
own customs, food choices and recipes based upon availability of foods. Throughout the 
centuries the Indian population has heavily depended upon agricultural output making it the main 
occupation for survival and fostered a natural inclination towards plant foods. The principle of 
self sufficiency prevailed during hard times for locally grown food grains. After the 
independence in 1947 from the British, provinces with similar languages, traditions, and food 
habits united into states narrowing this vast diversity into a smaller range. However, despite this 
gathering of provinces into states, there exists a huge difference among and within states as far as 
the food habits are concerned. Depending upon the climate and geography of the region various 
crops are cultivated in different parts of India. Krishi (Cropping patterns, n.d.) stated that rice is 
grown in the southern, northeast, and southeast; wheat is grown in the northern, central and 
western, and millet sorghum is grown in the northwest, central and in western India. This 
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example shows that different food groups are not localized to one particular area. Due to easy 
accessibility, the northern and western states depend heavily upon cereals and grains, while the 
south and northeast depend upon rice as the major staple source of food. 
Economic Factors. Economic class is typically divided into the low, middle and higher 
class. The low income group constitutes the people mostly of smaller division of caste, mostly 
workers, who hold very small amounts of land, with agriculture as their sole means of survival 
and most live in a village/rural setting. The middle class consists of people having ajob so as to 
barely meet the monthly needs, having land that can add to pre existing income from the job, and 
includes small to medium shop owners who mostly live in rural/urban settings. The higher class 
includes doctors, lawyers, and large business owners, having vast land holdings employs other 
people and live in urban areas or the city. 
Economic status can directly modify the frequency of food intake, food choices in terms 
of purchasing power, and with higher education, a better understanding of benefits of diets. 
Frequency of food intake can range between two-five times daily in these various classes. 
Frequency intakes and a few examples of diet choices between the three economic groups are 
shown in Table I (Sharma, 2003). Some of choices among food groups seem common to all the 
groups. Nonetheless prices vary for items selected from each of the food group. Thus choices 
vary upon the capacity of each group to afford the item. Gender inequality between males and 
females is still practiced. Males are better fed than females. Families carry the misconception 
that males are the ones who earn money and carry forward the family lineage, which results in 
males receiving greater quantity or better quality of food. Combinations of these factors playa 
vital role in the dietary aspects of the Indian population. 
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Table 1 








Consumed Foods in the Three Economic Classes 
Low 
Tea 
Cerea1+/- Rice + 






Mostly same as 
Lunch 
Middle 
Tea/coffee with Biscuit 
or Bread, Locally 
Available Snacks 




Pickle + Milk 
Product +/-Dessert 
+/-Locally Prepared 
Snacks or Sometimes 
Fruits 
Tea +/- Biscuits 
Mostly same as lunch 
Sometimes with a New 
Vegetable 
High 
Milk, Tea, Coffee with 
Biscuits, Bread, Eggs, 
Breakfast Items with a 
Higher Price 
Cereal +Rice + 1 or 3 
Vegetables + 2 types 
Pulses/legumes + 
Freshly Prepared 
Pickle + Milk 
Product + Dessert + 
Fruit 
Mostly Fruit + High 




Bakery Items, Snacks 
eaten with Evening Tea 
Some of the Items of 
Lunch, Freshly 
Prepared Vegetables 
or Pulses or 
Legumes, Fruits, 
Dessert 
Sharma (2003). Improving bioavailability of iron in Indian foods through food based approaches 
for the control of iron deficiency anemia, p. 51) 
Energy and iron are derived from the plant-based diets. The bulk of the energy comes 
from specific food groups. It is difficult to find any person in India representing any of the caste, 
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educational status, or economic class that views diets other than a source to satisfy appetite. 
Individuals focus on the quantitative amount of food consumed rather on consuming qualitative 
foods with lower intake. This point may not be true in a certain percentage of the population. 
However, the truth lies in that the majority of the population is uninformed or pretend to be 
unaware of nutrition. Frequency of intake of food for most of the population is highly based 
upon the lunch and dinner meals. Consumption of food at other times of the day is rare. Specific 
food groups that cover major energy/nutrient requirements are the cereals/grains, rice, 
pUlses/legumes and all forms of vegetables. Gopalan, Rama Sastri, & Balasubramanian (2004b) 
state that 70-80% of the daily energy, protein, and other nutrients come from cereals and grains. 
These are the cheapest and most abundantly available sources of food. Other major source comes 
from the pulses/legumes and rice. Proteins from these two sources complement each other 
providing a complete source of essential amino acids. Rice replaces cereals and grains in parts 
ofIndia where rice is more available. 
Gopalan, Rama Sastri, and Balasubramanian (2004d, p. 35) discussed the average intakes 
of nutrients by the rural and urban population from a survey conducted by National Nutritional 
Monitoring Bureau in 1984 across ten states ofIndia. Table 2 provides the average consumption 
in grams from each food group among the rural population in 1981 and the urban population in 
1984. Table 2 also shows the major sources offood supplying energy and nutrients/iron. 
Between the three groups it can be seen that urban middle income groups have a more balanced 
choices from the food groups as compared to the rural and the slum population. The bulk of the 
food intake came from cereals/millets, pulses and vegetables. Since this survey was conducted, 
25 years ago, there might be a slight improvement in the overall intake of foods from the various 
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food groups due to economic growth, but the much needed change in the slum areas or for the 
poorer people appears to be minimal. 
Table 2 
Average Intake of Nutrients by Rural and Urban Groups in Grams/Day 
Food groups Rural (1981) Urban (1984) 
Middle Income Group Slum 
Cereals and Millets 553 361 416 
Pulses 35 49 33 
Leafy Vegetables 14 21 11 
Other vegetables 51 89 40 
Fruits 35 66 26 
Milk 70 250 42 
Fish and Flesh Foods 10 22 19 
Fats and Oils 9 35 13 
Sugar and J aggery 19 31 20 
(Table reproduced from Gopalan, Rama Sastri, & Balasubramanian. (2004d). Nutritive Value of 
Indian Foods, p. 35) 
Bioavailability 
Bioavailability or the absorbable form of iron in the intestine from the various diets is the 
cornerstone for adequacy, maintaining iron status, and preventing a negative iron balance 
(Hallberg, 1981). The way the iron is assimilated depends upon its form. Hallberg (1981) stated 
that iron is in one of two forms either heme or non-heme iron. The joint report of expert 
consultation by FAO/WHO (2002) on iron states the principal sources of heme iron comes from 
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the animal products like the fish, meat and poultry, while non-heme iron comes from plant foods 
mainly from cereals, pulses, legumes, fruits and vegetables. Heme iron is much better absorbed 
as compared to the non-heme iron. Dietary absorption of these two forms of iron is subject to 
different influences. The joint report of expert consultation by FAO/WHO (2002) gives the 
following factors which will increase the absorption of heme iron, iron status of subject, amount 
of dietary heme iron, especially as meat and calcium may decrease heme iron absorption (See 
Table 3). Absorption from non-heme iron is affected by the iron status of subjects, amount of 
potentially available non-heme iron and a balance between inhibitors and enhancers of 
absorption. 
Table 3 
Various Factors Affecting Dietary Absorption of Iron 
Absorption of Heme Absorption from Non-heme 
--- ------
Iron status of subject Iron status of subjects 
Amount of dietary heme iron, especially as Amount of potentially available non-heme iron 
meat (adjustment for fortification iron and 
Content of calcium in meal (e.g., mille, cheese) contamination iron) 
Food preparation (time, temperature) Balance between enhancing and inhibiting 
factors 
Source F AO/WHO (2002) 
Studies conducted on bioavailability of iron have shown varying percentages for 
absorption of both forms of iron. Monsen (1988) found absorption of heme iron ranges between 
15-25% in normal subjects and can increase to 25-35% in those who are deficient. Sharma 
(2003) found absorption of non-heme iron at 2-20%. The type of diet in different parts of the 
world plays a crucial role in determining the absorption of iron. In the western world where most 
of the population consumes some kind of meat, bioavailability is high and the percentage of iron 
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absorbed is higher, conversely in parts of the world where people consume a vegetarian type of 
diet the absorption percentage is lower as the bioavailability of iron is lower. Hallberg and 
Rossander-Hulthen (1991) found 14-16% bioavailabilityin western type diets in borderline 
deficient people. Ismail et al. (2001) conducted studies on Malaysian diets and found 
bioavailability ranged from 4-12%. Malaysian diets are mainly vegetarian. 
Determining the exact amount of percentage iron bioavailability in Indian diets is a very 
complex issue. Absorption of iron from individual food groups and their products can be 
ascertained from various studies, methods used to find bioavailability, and various formulas 
developed by the researchers. The assumption that the exact bioavailability of iron in Indian 
foods can be determined may not be possible. The main reason is because Indian foods consist of 
recipes using spices and condiments in varying proportions some of which contain substantial 
amounts of iron. 
There are not enough studies to date to assess bioavailability from each of the spices and 
condiments used in India. Studies conducted by the Indian and international scientists with an 
emphasis on plant foods have narrowed this complicated subject into understanding 
bioavailability. Various methods used in their studies have helped to define percentage ranges 
regarding bioavailability in vegetarian diet, especially the ones in the Indian diet. Narasinga 
Rao, Vijayasarathy, and Prabhavathi (1983) reported the bioavailability percentage from plant-
based diets in the range of 1-6%. (Gop alan, Rama Sastri, & Balasubramanian (2004e) cited the 
percentage ofbioavailable iron ranged from 2-3%. Due to discrepancies of these percentages 
found in the different studies, the Food and Agricultural Organization has suggested assessing 
iron intake at certain percentage levels. FAO/WHO (2002) proposed 5% and 10% bioavailability 
levels in developing countries. This projected percentage at 5% seems rational as most of the 
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foods are plant based and have the presence of inhibitors. However, mixed diets and presence of 
spices/condiments which are often good sources of iron make it difficult to predict iron 
absorption. Bioavailability at 10% would be less likely in a country like India. A minority 
population of India consumes meat products two-three times in a week, while the majority of the 
population has meat at least once in a week or on certain occasions. People with higher income 
would have food choices reflecting higher bioavailability. Percentage bioavailability at 15% may 
be a better match for the Indian population with higher incomes. 
After an extensive search of all existing resources and databases regarding bioavailability 
of iron, only a few studies could precisely determine about the exact percentage and associated 
calculations. Du et al. (2000) provided various formulas to calculate bioavailability of iron. Of 
the three formulas provided, WHOIFAO (1988) corrects heme and non-heme iron and intake of 
vitamin C depending upon daily intakes. Monsen et al. (1978) and Monsen and Balintfy (1982) 
based their formulas on the various enhancing factors. Tseng et al. (1997) used a more 
sophisticated approach by taking both the enhancers and inhibitors into account. It is evident 
that promoters and inhibitors playa key role in determining end bioavailability of iron in any 
food. Various enhancers and inhibitors of iron absorption are shown in Table 4. Iron binding 
phenolic compounds and tannins are inhibitors found in spices. Fermented vegetables, soy and 
its related products have a lesser influence in Indian diets compared to other Asian diets. 
Table 4 
Promoters and Inhibitors of Iron Absorption 
Promoters 
Ascorbic acid or vitamin C, meat, chicken, 
fish, fermented vegetables and soy sauce 
Promoters of Iron Absorption 
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Inhibitors 
Phytates, inositol products, iron binding 
phenolic compounds, calcium and soy proteins. 
Source F AO/WHO (2002) 
Ascorbic Acid. Sharma (2003) states ascorbic acid is the strongest enhancer of iron even 
in presence of other inhibitors like phytates, tannins and calcium. The mechanism by which 
vitamin C acts is by reducing the ferric form of iron into the ferrous state. The ferrous form is 
better absorbed that the ferric form. F AO/WHO (2002) stated that good sources of ascorbic acid 
are certain fruit juices/vegetables, fruits and potatoes. Studies conducted in India have shown a 
decrease in iron deficiency and anemic symptoms by addition or consumption of foods rich in 
this vitamin (National Institute of Nutrition, 1992). The National Institute of Nutrition (NIN, 
1992) found adding vitamin C to cereals and pulses increased the availability of iron. Narasinga 
Rao, Vijayasarathy, and Prabhavathi, (1983) reported that absorption of iron was highest in 
cereal based diets with vegetables due to presence of vitamin C. Seshadri (1997) reported that 
the consumption of green leafy vegetables once a week by South Asians showed improved iron 
status over that of the non-consumers of green leafy vegetables. Chaudary and Vir (1994) and 
Seshadri (1997) found that iron availability was increased by the addition of citrus fruit juices, 
portions of potato, cauliflower or cabbage. 
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Meat, Chicken and Poultry. F AO/WHO (2002) reports that the addition of a small 
quantity of meat to the diet strikingly increases the absorption of non-heme iron. Johnson and 
Walker (1982) found that by adding daily 90 or 100 milligrams of either meat, fish or the poultry 
in the diets of young women, improved bioavailability of iron. Addition of meat or daily 
consumption of meat is not possible in a large segment of the population in India; however, for 
those who consume meats, this practice proves to be a beneficial option. Kaur (1981) found iron 
absorption decreased considerably from Indian foods when women consumed two eggs with the 
diet. This illustrated that bioavailability of iron is very poor when eggs are consumed. 
Inhibitors of Iron Absorption 
Phytates and Phenolic Compounds. Phytates are strong inhibitors of non-heme iron 
absorption. Gillooly (1983) and Hallberg, Brune and Rossander (1989) found a dose dependent 
decrease in iron absorption from the strong inhibiting effect of phytates, and reported even 
minute amounts ofphytates as having a noticeable effect. FAO/WHO (2002) stated that phytates 
are present in grains, legumes, nuts, vegetables, roots and fruits. Sharma (2003) reported that 
non-heme iron absorption can decrease by 51-82%, and Sharma (2003) also indicated that 
non/under refined cereals/millets have higher amounts of phytates in the outer coating. 
Polyphenols mostly consisting oftannates are inhibitors of non-heme iron (Gillooly, 1983). 
Hallberg, Brune and Rossander (1989) in their study found phenolic compounds having galloyl 
groups are mainly involved in decreasing iron absorption. Siegenberg (1991) found that ascorbic 
acid prevents the dose dependent inhibitory effects of polyphenols and phytates on nonheme iron 
absorption. F AO/WHO (2002) reported that plant sources for polyphenols/tannates are tea, 
coffee, cocoa, dark leafy green vegetables, herbs and spices. Gopalan, Rama Sastri, and 
Balasubramanian (2004c) stated that most of the spices used in India have tannin. Most of the 
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Indian population also consumes black tea which has a high content of tannic acid. In Indian the 
bulk of the food is derived from cereals, grains, pulses, legumes and all forms of vegetables. All 
these food sources have inhibitors making it difficult for absorption of iron from the diet. 
Calcium. Hallberg (1991 and 1992) and Gleerup/Rossander-HulteniHallberg (1993) 
found calcium to inhibit both the absorption of heme and non-heme iron. The main source of 
calcium in India is from the milk products and cheese. A 30-50% increase in iron absorption in 
absence of calcium has been reported in certain studies (Shanna, 2003). Narasinga Rao et al. 
(1983) established an increase in iron absorption in cereal based milk diets rather than in 
meat/fish diets. Calcium is an important element for humans. Gleerup (1995) advises to 
overcome the influence of inhibition of calcium on iron absorption, consuming both the elements 
at the same time should be avoided. 
Storage and Cooking Methods in India 
Proper storage, refining grains and cooking techniques in Indian foods have an equally 
important role to play in iron deficiency anemia. Poor procedures for storing grains, storage for a 
longer time with exposure to light, and poor pest control make it difficult to retain the nutritive 
values from these grains. Milling and polishing of grains can impact iron status by either 
increasing or decreasing the nutrient value. Some of cereals which are not properly milled can 
retain inhibitors that decrease the bioavailability of the nutrients. The method of parboiling the 
rice followed by milling retains the nutrients. Cooking procedures utilized in India are baking, 
pressure boiling and heating. Baking of cereals on different iron plates (called contamination 
iron) can increase the end value of the mineral in the food product. Maingi and Narula Shanna 
(1972) found baking chapatti on an iron plate increased the iron by 19%. Pulses and legumes are 
generally pressure cooked. When water retained with the products is thrown away, key vitamins 
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and minerals that have leached into the water are lost. Chiplonkar, Agte, and Gokhale (1993) 
found 22-24% of iron was lost from cooking of cereals and pulses. Another method employed is 
cooking at high temperatures for prolonged times. This can lead to loss of water by evaporation, 
chemical changes in the food and loss of heat liable vitamins especially vitamin C which when 
present enhances iron absorption. 
Iron Deficiency and Related Anemia 
Iron deficiency and its related anemia is a global nutritional issue presenting a stiff 
challenge to health agencies worldwide not only in developing, undernourished countries but 
also in developed nations. Iron deficiency is related to poor choices of foods, lack of knowledge 
of foods rich in iron and various other factors. Iron deficiency over the years leads to anemia 
which has major implication on health of people in certain age groups (Sharma, 2003). Sanghvi 
(1996) attributes that in a developing country like India, iron deficiency costs five percent of 
India's gross national product yearly due to deaths and work inefficiency due to the anemia. The 
etiology for iron deficiency anemia is multi-factorial. Various causes of iron deficiency are as 
given in Table 5. These causes of iron deficiency vary from an increased need for iron due to 
growth, increased loss of iron, and decreased absorption due to lack or iron in the diet or disease 
that prevents absorption. 
Table 5 
Reasons for Iron Deficiency 
Main Reasons 
Increased need of iron/growth 
of red blood cells 
Increases in loss of iron 
Decreased intake of iron, absorption 
or use 
Conditions 
Increased spurt of growth during first year of 
life and adolescence. 
Pregnancy 
Erythropoietin therapy 
Constant blood loss 
Menstrual loss 
Acute blood loss 
Donating blood, phlebotomy as treatment 
Inadequate diet 
Malabsorption from disease, e.g., Sprue 
Malabsorption from surgery, actue or chronic 
Inflammation 
Source Harrison. (2001). Principles of Internal Medicine 15th Edition, Table 105-2 
Sources of Iron 
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Good sources of iron include cereals/millets, pulses/legumes, green leafy vegetables, nuts 
and oil seeds. Also these foods all contain promoters and inhibitors which affect the end 
availability of iron in the human intestine (Sharma, 2003; Gopalan et aI., 2004e). Food serves to 
maintain adequate status of iron if the food items are consumed in the most appropriate way. 
Miller (1999) found that absence of heme iron in the vegan diet does not pre-dispose vegans to 
an increased rate of iron deficiency anemia as compared to meat consumers. All the mentioned 
sources of iron are also the food sources of iron and other nutrients in the Indian diets. Due to 
consumption of large quantities of foods from each source, mainly from cereals/millets, 
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pulses/legumes and vegetables, iron deficiency would not be a major problem, but the problem 
does persist. 
Role of Iron in the Human Body 
Iron plays a very important role in various physiological and metabolic functions of the 
human body (FAO/WHO, 2002). Iron acts as an oxygen carrier to the cells from lungs in 
combination with the hemoglobin present in red blood cells, iron is also the means of transfer of 
electrons in energy generation and iron is also an integral part of the enzyme systems involved in 
major metabolic processes in various tissues. Adamson (2001) and FAO/WHO (2002) have 
elaborated physiological functions of iron as a component of hemoglobin and myoglobin, the 
cytochromes that participate in energy reactions, and in the cytochrome enzyme system. 
Red blood cells consist of hemoglobin. Hemoglobin is a four ringed structure in which 
each molecule is made of heme and the protein globin. Iron binds reversibly with the free 
binding site present in the heme or deoxygenated hemoglobin in the lungs. This oxygenated 
hemoglobin is carried to various tissues and cells for uptake of oxygen by myoglobin for key 
metabolic process within the cell. Myoglobin only consists of one unit of heme; this 
heme/protein found in muscle is not effective as hemoglobin as it contains less oxygen sites. Iron 
containing enzymes are called the cytochromes. These enzymes participate in various oxidation-
reduction reactions of cell/metabolic pathways in the electron transport chain. The cytochromes 
are active in electron transfer which is responsible for generating the adenosine tri-phosphate 
molecules. Iron is also the key constituent of the cytochrome enzyme system. Cytochrome p450 
is an active system present in the liver and helps in major detoxification reactions of the body. 
Iron helps in generation of steroid hormones and bile components. Iron also acts as signal 
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controller for neurotransmitters like dopamine and serotonin in the brain and is a cofactor in 
catalase, an enzyme which disposes of hydrogen peroxide (Adamson, 2001; FAO/WHO, 2002). 
Iron Losses and Recommended Dietary Iron 
There is sustained need for the element iron in the human body. Each age group has 
different iron requirements. Natural loss of iron takes place daily from the skin in the form of 
sweat, from the gastrointestinal tract, urinary excretion, and breathing. Other forms of natural 
loss include the monthly iron loss in menstruating females. Certain age groups from 1-18 need 
iron for development of tissues, and there is an increased need for the spurt of growth in 
adolescents (F AO/WHO, 2002). Pregnancy and lactation are two other important conditions 
where there is much increased need of iron to prevent complications in mother/fetus and 
deficiency of iron in breast milk before the weaning period (FAO/WHO, 2002). For other age 
groups there is a daily iron requirement to maintain proper functioning of the body (Adamson, 
2001). 
The recommended nutrient intakes for iron are based upon varying dietary 
bioavailabilities of iron and the food that the iron is found. F AO/WHO (1988) in its joint report 
provided values for different age groups based upon their mean body weight. These values were 
calculated by using the WHO formula and take into account the proposed percentage 
bioavailability of iron from different food groups. Refer to Table 6. Bioavailability of foods 
varies greatly during the age of five months till one year. So the values calculated for this age 




Proposed Daily Iron Intake Based upon Age, Mean Body Weight and Different Percentages of 
Bioavailability 
Group Age Mean Body weight Recommended Nutrient Intake (mg/day) 
(years) (kg) 
% Dietary Iron Bioavai1abi1ity 
15% 12% 10% 5% 
Children 0.5-1 9 6.2 7.7 9.3 18.6 
1-3 13.3 3.9 4.8 5.8 11.6 
4-6 19.2 4.2 5.3 6.3 12.6 
7-10 28.1 5.9 7.4 8.9 17.8 
Males 11-14 45 9.7 12.2 14.6 29.2 
15-17 64.4 12.5 15.7 18.8 37.6 
18+ 75 9.1 11.4 13.7 27.4 
Females 11-14 46.1 9.3 11.7 14 28 
11-14 46.1 21.8 27.7 32.7 65.4 
15-17 56.4 20.7 25.8 31 62 
18+ 62 19.6 24.5 29.4 58.8 
Post-menopausal 62 7.5 9.4 11.3 22.6 
Lactating 62 10 12.5 15 30 
Source FAOIWHO (1988) 
Stages of Iron Deficiency and its Anemia 
F AO/WHO (2002) clarifies the difference between iron deficiency and its related anemia. 
These two terms have often been used in the interchangeably, but these two are strikingly 
different. Adamson (2001) describes iron deficiency and its progression to anemia as occurring 
in three stages. The first stage consists of negative iron balance. This stage appears when the 
body cannot keep a balance between the increased losses which exceed the absorption limit of 
daily dietary iron. Various causes contribute to this stage and include acute blood loss, 
pregnancy,rapid growth during adolescence, and decreased dietary intakes. The second stage is 
the iron deficient stage that affects erythropoiesis or the production of red blood cells. Body 
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stores of iron are depleted. This leads to a decrease of the saturation of protein that holds iron in 
the serum. Synthesis of hemoglobin is normal when saturation of serum protein with iron is 
normal. As depletion occurs a gradual fall in the saturation level of protein occurs thus leading to 
the deficient synthesis of hemoglobin which results in irregular and malfunctioning chains in the 
red blood cells. The third stage consists of anemia where morphologic changes can be seen in the 
red blood cells. The decreased hemoglobin levels lead to a decreased capacity of the cells to 
carry oxygen to target tissues which results in accumulation of cellular metabolites and 
deprivation of oxygen (Adamson, 2001). 
Clinical Manifestations and Complications 
According to the Institute of Medicine (10M, 2001), the significant subclinical and 
clinical manifestations associated with iron deficiency include a decrease in physical work 
capacity, delay in development milestones, cognitive damage, and postnatal complications for 
both mother/fetus. Complications are varied according to the age groups affected by the 
deficiency. Grantham-Mcgregor and Ani, (2001) have shown anemic children during infancy 
manifest with poor cognition, decreased performance in school, and behavioral problems in 
middle childhood. Anemia in pregnant women leads to the delivery of the fetus prior to the 
expected date, a decrease in birth weight, and an increase of chances of fetal death before birth 
10M (2001). In adults anemia manifests as a sense of increased tiredness and reduced capacity to 
work. Adamson (2001) reported that the clinical symptoms related with anemia are fatigue, 
pallor (whiteness in the lower eyelid and tips of the fingers), cheliosis, (fissures at corner of 
mouth), and koilonychia (spoon shaped depression in nails of fingers and toes, a sign of severe 
iron deficiency and anemia) (Adamson, 2001). 
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Food Frequency Questionnaires 
Assessment of dietary intakes can be performed by various methods. Hebert et al. (1999) 
describes the need to carry out dietary assessments so as to have a comparison between groups 
for food intakes, rank persons by intake, determine an individual's normal consumption, and also 
detect variations associated with the diet over a period of time. Of such tools, the food frequency 
questionnaire stands out to evaluate food habits over longer periods of time and allows the 
researcher to determine values for the different nutrient intakes from different food groups. Out 
of three kinds of food frequency questionnaires, the quantitative type is most reliable and valid 
(Willet, 1990). Beaton et al. (1983) states for a population who are at risk, precise and 
dependable techniques for assessing dietetic intakes should be developed so as to determine the 
reasons for the mechanisms involved contributing to causation of the disease. Morgan et al. 
(1978) writes if proof is sought for a linkage of foods in general, the food frequency is the most 
suited tool in epidemiologic studies to prove linkage of foods to a condition/situation rather than 
focusing on a single nutrient. Willet (1990) maintains that in large scale epidemiological studies, 
the food frequency questionnaires are the best and preferred method to assess dietary intakes. 
The use of the food frequency questionnaire in studies has been useful and also 
successful in western societies to establish the relationship of diet and disease associations. 
Willet (1990) writes that the food frequency questionnaire may be more practical when 
considering the outcomes of the study. American and European countries tend to have foods with 
proven nutritive values. The food frequency questionnaires can have a large number of 
processed foods with more options for selection, choices based on daily basis, and cover an 
extended period of time. 
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In a developing country like India many facts have to be taken into consideration before 
testing any tool related to the food frequency questionnaire. Foods that are available in the 
markets are not very diverse; as a result people tend to depend upon seasonal choices that are 
locally available. Besides this many other factors like the social, economic, cultural, recipe 
preparation and cooking methods tend to affect food choices. The selection of food is made from 
cereals/millets, pulses/legumes and from many kinds of vegetables. The literature indicates that 
there is less day to day variability in foods when the market does not provide a diverse 
assortment of food. However, this fact can be contradicted to a certain extent in the Indian 
society. Although there can be a lesser choice among the daily available food, the recipes and 
cooking methods vary greatly from household to household. 
Few food frequency questionnaires studies have been performed in India (Hebert et aI., 
1998; Hebert et aI, 1999). But there exists a few studies that validate the instrument developed 
for the present study. Two such studies conducted by Hebert and his team in 1995 and 1998 
have helped validate the food frequency questionnaire for future studies. Questionnaires tested in 
India depend upon a list of food groups and their preparation methods for assessment of food 
choices. Separate instruments need to be developed for people residing the rural and urban 
settings. Chadha (1995) stated that testing such an instrument is needed for projects in India due 
to relatively large inter-group and intra person variations. Studies having a less choices of food 
tend to have better results due to less bias in response. Hebert et al (2000) maintains that the 
food frequency questionnaire may be the best tool to detect an association between diet and 
disease. 
Various food frequency questionnaires in India have successfully found different nutrient 
intakes in different population segments, have established a diet deficiency and disease 
34 
relationship; have allowed the calculation of nutrient percentage intakes from various food 
groups as well as supported other findings in studies conducted in different parts of India (Kapil 
et aI, 2004). Kapil et al. undertook a study to assess the validity of reproducing a food frequency 
instrument in India in which he found that food frequency questionnaires had better 
reproducibility in rural areas as people often tend to make more choices among the food groups 
based upon daily consumption. 
These results seem to support the premise of developing a food frequency questionnaire 
for determining iron and calorie intake of adolescents in a rural area of India. Chapter 3 will 
describe the development of the food frequency questionnaire utilizing Indian foods and 
preparation methods as well the subsequent use of the questionnaire to collect dietary intake data 
from adolescent boys and girls. 
Chapter III: Methodology 
This study involved the use of a quantitative food frequency questionnaire for the 
purpose of assessing iron and energy intake of adolescents in the southwest rural part of India. 
This chapter will describe the subject selection, the development of the food frequency 
questionnaire, the data collection procedures, and data analysis. Limitations of the study are 
also discussed. 
Subject Selection and Description 
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India is a country in which iron deficiency is quite common and this deficIency may be 
more prevalent in rural areas. The targeted area for this study was a rural town named Udgir 
located in the state of Maharashtra in the southwestern part of India. The targeted groups for this 
iron and energy study were students, both male and female, between 13 to 17 years of age. This 
age group was selected as opposed to other age groups in the population for many reasons. The 
need for energy and iron is increased during this age due to increased physiological needs of the 
body. Females at the approximate age of 13 would be menstruating or soon to be menstruating 
and this physiological change increases iron needs. During this time females have an increased 
growth in height and reach their growth maturity at an earlier age than males of this age 
(FAO/WHO, 2002). Males of this age also have tremendous growth and have an increased need 
for nutrients throughout adolescence. Most of the bone epiphysis of males fuses at age 17, which 
signals the end of the growth in height (FAO/WHO, 2002). 
Students in grades 11 and 12 in India experience a great deal of stress. Their 
performance in the education system provides a direct entry into bachelors programs in 
prestigious fields such as dentistry, medicine, law and other professions. In order to achieve, the 
India students study day in and day out. This often stresses the students beyond their capacities 
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and may impact the students' nutritional status. This age group represents the future ofthe 
country. Therefore, to study the nutrient awareness of the students and their choices from 
different food groups would give researchers insight into the iron and energy status of the future 
citizens of India. 
Approval of this study was obtained from the University of Wisconsin-Stout Institutional 
Review Board for Human Subjects Research. The high school and junior college administrators 
in India were initially contacted regarding their participation in the research project. When this 
permission was obtained, then the parents of the high school and junior college students between 
the ages of 13-17 years of age were invited for an initial meeting. At the meeting, the nature, 
benefits and expected outcomes of the study were presented. Parents who were willing to allow 
their children to participate signed a consent form. (See Appendix A to view the consent form). 
Participants between 13-15 years of age belonged to 8t\ 9th, and 10th grades ofVidya Vardhini' 
English Medium School, Udgir. Those 16 and 17 years of age attended the junior college at 
Maharashtra Udaygiri Mahavidalaya, Udgir. 
Meetings for the Purpose of Developing Food Frequency Questionnaire and to Secure Parental 
Consent 
An initial meeting was held inviting all the parents of the students from the five different 
grades from the high school and the junior college. The nature, type, expected outcome, and the 
consent form for the study were explained. Other points that were discussed at this initial 
meeting included the diversity in habits and social, regional, and economic factors influencing 
the family's patterns of food intake. The differences in ingredients used in each recipe 
depending upon economic status, variations in cooking, serving sizes and different measures 
used were also discussed. Parents who were willing to allow their children to participate were 
invited for a second meeting to further discuss the study in detail. 
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Parents of 116 of the students came for the second meeting and allowed their children to 
take part in the study. Before consent forms were collected, parents were told about iron 
deficiency anemia, how it occurs, manifestations, and foods that can help prevent anemia. A 
national slogan in the Indian language is Khoon Ki Kami, which means lack of blood in the 
body. This slogan was also used in addressing the parents. Consent forms were signed and 
collected by researcher. One copy of the consent form was left with the parents as a record for 
their student's participation. After the second meeting, an outline was prepared for discussion of 
points for further meetings with the parents. Points included are listed below. 
1) List of ingredients used in each household for preparation of recipes, 
2) Construction of a recipe database 
3) Approximate amount of ingredients used 
4) Estimates of portion sizes used by children that parents observed daily 
5) Different models of serving sizes ranging from smallest to the largest 
6) Methods in which a recipe/food items are consumed and frequency of intake of the recipe 
7) Various cooking techniques used in different households to prepare the same recipe 
At the third meeting 75 ofthe 116 parents were present. The other 31 parents were 
unable to attend due to time commitments, but were willing to help to finalize the ingredients 
and recipes. Having a number of parents at the third meeting was significant in terms of 
representing the different religions, caste, literacy rate and economic status of the whole sample. 
Ingredients used in each recipe were written and read out loud to construct the list of recipes. 
This list was shared with the 31 parents who were unable to attend this meeting, chefs at local 
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restaurants and others who cooked foods at functions and gatherings. After a near consensus the 
list of recipes was finalized. 
With the parental input, methods of consumption of each food group in terms of circular 
diameter, linear and volumetric measures were determined. Seven of the 10 food groups were 
consumed in cups and glasses. For cereals and grains, circular measures or number of slices 
consumed were used. Fruit servings were represented in three ways, as whole raw fruit, one cup 
portion, or one slice. Portions of pickles consumed were measured in teaspoons. Different 
models of all serving sizes were obtained from local shops ranging from the smallest to the 
largest for the cups, glasses and teaspoons. For circular/diameter measures, standardizing sizes 
was easier because estimates of diameter sizes provided by the parents were cut from cardboard. 
Five different sizes ranging from eight to 24 centimeters were finalized. It was more difficult to 
standardize sizes for volumetric measures given by the parents as it was necessary to weigh the 
items in grams. From all the models a set of utensils was paired for each of the five serving sizes 
to the nearest approximation of sizes in grams. The most common method of cooking for each 
recipe was also recorded. 
Development of Data Set to Analyze Food Intake 
After the meetings with the parents, the recipes were prepared in the food/dairy science 
lab at Maharashtra Udaygirl Mahavidalaya College, Udgir, India. First, dry ingredients were 
weighed on a balance to the nearest +/-0.001 gram. Liquids and items that had circular/diameter 
and volumetric measures that would be eventually reported on the finalized questionnaire were 
also measured in grams Next, the final amount of the cooked food to represent the amount 
typically consumed was weighed in grams to represent the typical portion size. The typical 
portions sizes had been obtained from the parents from the largest to the smallest. Weighing the 
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items to match the serving sizes reported by the parents was a tedious and time consuming 
process. Table 7 gives the standardized sizes or common modes of consumption for the five 
serving sizes established. -For cereals and grains the grams weight per cooked portion is reported 
for the 8, 12, 16,20 and 24 centimeter serving size. For rice, pulses, legumes, dark green leafy 
vegetables, roots and tubers, other vegetables, meat products and dairy products, the standardized 
amounts for small, small-medium, medium, medium-large, and large were 50, 75, 100, 125 and 
150 grams, respectively. For pickles the measures as spoons were 5, 7.5, 10, 12.5 and 15 grams 
representing small, small-medium, medium, medium-large, and large spoons, respectively. 
Table 7 
Standardized Sizes by Common Modes of Consumption 
Food Groups 
Cereals and grains 
Rice, pulses and legumes, 
dark green leafy 
vegetables, Roots and 
tubers, other vegetables 
and meat products 
Mille products 
Pickles 





reported as cups 
Volumetric measures 
reported as cups or 
glasses 
Spoon measures 
Standardized amounts for the 
Five Serving Sizes 
Weight of pre-cooked flour to 
prepare 8, 12, 16,20 and 24 cm 
bread 
50, 75, 100, 125, and 150 grams 
50, 75, 100, 125, and 150 grams 
5, 7.5, 10, 12.5 and 15 grams 
The ingredients (in gram or volumetric measure) in each serving size (also weighed in 
gram measure) were weighed for the recipe data base. Weights of all the ingredients were 
photographed. (See Appendix B for photographs of some of the ingredients as they were 
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weighed). Photos were an important part of the project. It was necessary to have photographs to 
verify weights of different utensils holding the same amount of grams for foods with different 
consistencies and texture. As various sized models existed for the same serving size, it was 
relatively easy to pair them after having confirmed the weight evidence in a digital form. This 
also helped to standardize the portion sizes with accuracy and to minimize errors. These 
measures could also be demonstrated in a more authenticated way to participating students to 
help them make correct choices. 
Important factors that determined portion sizes were texture, consistency and quantity of 
food in each portion consumed. Items commonly eaten from this area of India and included in 
the survey have different consistencies. For example pulses and legumes can have a 
liquid/semisolid paste like consistency. Dark leafy vegetables are semi-solid in consistency. 
Table 2 shows the consistencies of various food groups. For example grains are solid, rice, 
pulses and legumes are liquid, and dark leafy vegetables, roots and tubers are semi-solid. Other 
vegetables-and meat products could be semi-solid or liquid. Milk products were liquid and 
chutneys/pickles were solid or a semi-solid paste. It was necessary to determine the serving sizes 
and to determine the gram weight of each of the serving sizes taking into account consistency 
and texture as well as quantity of food in each portion consumed. 
Table 8 
Consistencies o/Various Food Groups 
Food Groups 
Cereals and grains 
Rice and its products 
Pulses and legumes 
Dark leafy vegetables 











Solid, semi-solid and liquid 
Semi-solid, liquid 
Liquid 
Solid and semi-solid paste 
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Nutritive values for each ingredient were obtained from the "Nutritive Value of the 
Indian Foods" by Gopalan, Rama Sastri, & Balasubramanian (2004d) and the United States 
Department of Agriculture National Nutrient Data base for Standard Reference food calculator 
website (USDA ARS Nutrient Data Laboratory, 2008). The nutritive values of energy and iron 
were calculated based on the 100 grams of edible portion of food as given by the two nutritive 
data sources. All the values were entered in a tabular form for each ingredient used in each 
recipe. The amount of energy and iron present in each recipe were obtained as follows: 
1) Excel tables were developed that comprised the total amount of energy and iron present 
in 100 grams of each ingredient of each recipe. 
2) Ingredient weights were then multiplied with amount of energy and iron present in 100 
grams and then converted to smaller measurements. For instance 100 grams of rice 
would equal 400 kilocalories of energy and 0.4 milligrams of iron and 50 grams of rice 
would contain 0.2 milligrams of iron and 200 calories. 
3) By the calculation above the amount of energy and iron present in each ingredient 
according to its measured weights were determined. Tables were developed for each 
ingredient used in the recipe to prepare a database. 
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Appendix C contains the tables developed for the pre-cooked and after cooked weights of 
each of the sub groups of the ten food groups as well as the milligrams of iron and amount of 
energy in kilocalories per 100 grams of edible portion of the ingredients. For example the pre-
cooked weights ofjowar for 8 cm, 12 cm, 16 cm, 20 cm and 24 cm flat circles was 11, 15, 19, 
25, 30 grams respectively. In this case, the cereal flour to prepare a flat circle of 8, 12, 16,20 or 
24 cm was weighed out and was used to calculate values. After cooking the flattened roll of 
bread was weighed and was used to calculate values. The cooked weights of these same portion 
sizes for jowar are 17.92,25.24,34.43,40.03, and 46.40 grams, respectively. The amount of 
iron in milligrams injowar in 100 grams is 4.1 and energy in this portion is 349 kcal. Appendix 
D contains the tables developed for each of the ten food groups with their subgroups with the 
amount of energy in kilocalories and iron in milligrams present in each of the different serving 
sizes that were responses on the questionnaire. For instance, for 100 grams ofjowar, the amount 
of energy in the total recipe is 349 kcal, in a small (8 cm) flat circle, 39.71 kcal; small-medium 
(12 cm) flat circle, 52.35 kcal; medium (16 cm) flat circle, 66.31 kcal, medium-large (20 cm) flat 
circle, 87.25 kcal and large (24 cm), 104.7 kcal. 
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Development of Quantitative Food Frequency Questionnaire 
Food frequency questionnaires appear to be the most suitable choice to assess habitual 
diet intakes, the nutritive values of vitamin and minerals, and to find relationships between diet 
and disease. The food frequency questionnaire developed was based upon validated instruments 
originated from Harvard University. These models for quantitative food frequencies designed to 
be used in western societies to estimate nutrient intakes were found in "Nutritional Assessment," 
a book prepared by Lee and Nieman (2007). The survey questionnaire was designed to assess 
energy and iron intakes from regionally available foods in the rural town ofUdgir located in the 
state of Maharashtra in southwestern part ofIndia. The instrument developed and utilized for 
this study was a quantitative food frequency questionnaire that consisted of commonly consumed 
foods and local food preparation methods. The list of commonly consumed foods in the different 
states ofIndia was available in Gopalan, Rama Sastri, & Balasubramanian (2004f). From a list 
of 451 items found in the Gopalan et al. (2004f) tables, the most commonly consumed foods in 
the target area were selected. Forty-eight items were included in the survey. These 48 foods 
were divided into ten food groups. Ingredients used in the recipe of each food item, estimated 
weights of each ingredient used to prepare the recipe; common methods of cooking and size or 
quantity of food consumed were finalized after a series of meetings with the parents of the 
participating students and exhaustive measurements on a gram scale. The food frequency 
questionnaire can be found in Appendix E. 
The food frequency questionnaire included a list of food with three to five different 
serving sizes and responses with frequency of consumption responses as either daily, weekly, or 
monthly. The list of the ten food groups, the local food items included in the food group, and the 
end product of the food items resulting from typical preparation methods are included in Table 9. 
For example, in the cereals and grain group, bajra, wheat andjowar are included and the end 
products for these food items are rati, chapatti, and puri. For rice, the preparation methods are 
white plain rice, khichidi and lcheer. Khichidi and lcheer are defined in Chapter 1. 
Table 9 
List of the Food Groups, Food Items Included in Food Frequency Questionnaire, and End 
Product Resulting from Indian Preparation Methods 
Food groups 
Cereals and Grains 
Rice 
Pulses and legumes 
Dark leafy vegetables 






Food Items Included from 
the Food Groups 
Bajra, wheat andjowar 
traditionally regional rice 
Bengal gram, red gram, green gram 
and lentils 
Fenugreek, spinach and cabbage 
Potato, cucumber, carrot and onion 
Bitter gourd, bottle gourd, brinjal, 
broad beans, cauliflower and 
ladies finger 
Apples, bananas, fresh dates, 
guava, mango, watermelon, 
oranges, pomegranates, papayas, 
and pineapple 
Chicken and goat 
Onions, coriander leaves, green 
chili, garlic, ginger and 
ground nuts 
End Product Resulting from 
Preparation Methods 
Roti, chapatti and puri 








Butter milk, yogurt, sour 




The names of the food items and the resulting food products that resulted from the typical 
Indian food preparation methods were provided in the regional language as well as in English. 
Two languages Hindi and Marathi are spoken in the target area. Pictures of food and their 
preparations were inserted from various resources on the internet to allow the student's better 
understanding of the food choices as well as helping the students interpret some of the words in 
English or the names of some of the foods in regional language translated into English. 
Quantities of foods consumed were divided into five standard serving sizes including 
small, small to medium, medium, medium to large, and large. Of the ten food groups nine of 
these groups had all the five serving sizes as the standards to select from, however, the fruits 
group was estimated in three sizes. These included the small, medium and large. Based upon 
modes of consumption, the fruits were divided into subgroups. These subgroups included fruits 
consumed in a raw, by cup, or by slice. Circular/diameter and volumetric measures were used to 
determine the amounts of consumption. For cereals and grains circular measures were used to 
determine the serving sizes. Except the pickles group, all the groups were measured either with a 
cup or a glass. Pickles were measured with teaspoons. Frequency intakes were divided into 
monthly, weekly and daily consumption periods. Ordinal format of response was used to obtain 
the number of times a particular item was consumed in one ofthe three periods. 
Other questions on the questionnaire included the individual's age, gender, height, 
weight, frequency of meals, and general consumption patterns regarding milk, poultry and meat 
products. The height and weight ranges were derived from the National Center Health Statistics 
height/weight charts (National Center for Health Statistics, 2000). 
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Validation of Food Frequency Format 
Most food frequency instruments are based on design developed by the England and 
Harvard models for quantitative food frequency used in Western societies to estimate patterns 
and nutrient intakes (Lee and Nieman, 2007). Willet (1990) (as cited by Herbert et aI., 1998, p. 
39) stated that "the food frequency questionnaire has become the method of choice for dietary 
assessment in most large scale epidemiological studies." In western developed nations well 
constructed standard nutrient databases for most foods are available. These databases provide all 
the nutrient values for all the measured sizes commonly consumed. In these developed nations 
the food frequency questionnaire is a perfect fit and results have often been validated to 
perfection (Herbert et aI., 1998). In underdeveloped or developing nations like India where there 
are few resources to obtain accurate estimates of nutrient intakes and portion sizes, testing the 
validity of the food frequency questionnaire is a challenging task. 
However, validity of the food frequency questionnaire can be established to some extent 
based upon a few previous studies. A study conducted by Herbert et aI. (1999) gives a 
comparison between the food portion choices of people from rural India and middle class 
Americans from Massachusetts. Responses recorded in the Herbert study were also in terms of 
month, week, and daily but an ordinal format for each of the three periods was not included. The 
present food questionnaire involves an interval pattern. Responses have been modified 
depending upon how frequently the student consumed a particular food in a given period. 
Previous studies conducted had different age groups, goals, and guidelines. Thus, it is difficult 
to predict the validity/reliability of the developed food frequency questionnaire for this study. 
The assumption was that the food frequency questionnaire developed was valid. 
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Data Collection Procedures 
With parental and the school's agreement, the food frequency questionnaire was 
distributed on two weekends on Saturday after the school session in the presence of school and 
junior college officials. The food frequency questionnaire consisted of food groups of regionally 
available foods and food preparation methods common in this rural part of India. The food 
frequency questionnaire was given to students after the consent forms had been signed by both 
the parents and the students. Different sizes of measurement, cups, glasses, circular models and 
the different modes of fruit consumption were demonstrated to the students to facilitate 
estimation of each of the serving sizes in grams. 
Data Tabulation and Analysis 
Data was entered into excel spread sheets and two excel spread sheets were used for each 
school year classification. A total of ten excel sheets were used for data tabulation. The first 
excel spread sheet included responses for the questions on the first page of the survey which 
included questions regarding age, grade, sex, height, weight, frequency of food consumption, and 
consumption of milk, poultry, and meat products. The second sheet consisted of the food groups 
with corresponding food items, with different serving sizes and frequency of intakes. Each 
response was entered as a Y in the corresponding columns of both the sheets. In the second 
sheet the student responses were replaced with numerical values for serving size and the times 
the food was consumed in a time period. These values were multiplied. For example, ifthe 
respondent had a small cup of rice having 50 kilocalories of energy and consumes it 2-3 times in 
a week, his energy intake for that corresponding week for that particular item will be 50 kcal 
times 2.5 which equals 125 Kcal ( 50 Kcal x 2.5 = 125 Kcal). This example illustrates that 
median values were taken for each of the frequency intakes for each time period. 
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Similarly, values were calculated for all the food groups. Then each of the values 
obtained from food items within each food group were totaled to obtain daily, weekly, and 
monthly amounts of energy and iron consumed from each food group. Then the values from each 
food group were totaled to get the final amount of kilocalorie and iron consumption from all the 
food groups during the day, week, and month time periods. And lastly the energy and iron 
concentrations were calculated on a daily basis i.e., kcal monthly/30 + kcal weekly17 + daily 
Kcal = total daily Kcal. The premise is that once a value was calculated on a monthly basis than 
that value could be divided by 30 to get a value for a daily basis and once a value was calculated 
on a weekly basis that value could be divided by 7 to get a value for a daily basis. These values 
were then compared to F AO recommended values for iron and kcal for these age students 
utilizing at-test (SPSS, version 17.0 for windows). The recommended energy values for 
comparison were obtained for these age groups from a publication by F AO/WHO organization 
publication entitled "Human Energy Requirements: Report of a Joint FAO/WHO Expert 
Consultation" (2001). The iron values for these age groups of females and males were taken 
from another joint report ofFAO/WHO entitled "Human Vitamin and Mineral Requirements" 
(2001). The two recommendations for iron based on bioavailability were tested by t-test against 
actual consumption. The two bioavailabilities tested were 5% and 15% bioavailability. 
Limitations 
A study of this kind is new to this part or any part of India, and very few studies utilizing 
a food questionnaire have been performed in India. The format of the food frequency 
questionnaire has been successfully tested in Western countries. The development and 
administration of the food frequency questionnaire possesses some difficult challenges in this 
rural Indian setting because of the diversity of food habits and many other factors that influence 
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food intakes. Previous studies done in India have used a similar format, but an ordinal format of 
responses with an interval scale has not been evaluated. However, frequency of intakes based 
. upon monthly, weekly and daily basis have been added in the instruments. The present study has 
included the ordinal format and interval responses as well as the frequency of intake of foods, 
monthly, weekly, and daily. 
A limitation was that this study did not include all the foods that might have been 
consumed as the questionnaire only contained the 48 most frequently consumed food items. 
Items related to breakfast and snacks that might be consumed at other times of the day were 
omitted. This may have impacted the final calculation of energy and iron. The researcher 
standardized the serving sizes for the food questionnaire and for the data set developed for 
calorie and iron values. Inputs regarding the serving sizes depended upon the accuracy of the 
parents' observations ofthe student's typical consumption. This may have also impacted the 
results. Estimates of weight of ingredients tended to vary from parent to parent and although 
attempts were made to come to a consensus, this variation regarding weight of ingredients may 
have affected the overall energy and iron values present in the recipes. 
Because the food questionnaire was given in one rural town in India, results may not 
reflect dietary intake of other rural towns located in other areas of India whose food intake 
patterns may vary significantly. The food frequency questionnaire was administered only once. 
To detect differences in seasonal foods, the instrument could have been administered more than 
once. The questionnaire was lengthy and took approximately 45 minutes for the students to 
complete. Some students might have found it difficult to sit for this amount of time to complete 
the survey, and this may have impacted their responses towards the end of the questionnaire. 
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Chapter IV: Results 
Iron intake represents a public health issue in India due to the numbers of children and 
pregnant women who have iron deficiency anemia. Anemia may occur more frequently in rural 
areas and may coexist with lower energy diets. This study was conducted in a rural town located 
in the state of Maharashtra in the southwestern part of India. Both iron and kilocalories were 
targeted as iron intake often depends upon total energy consumed. The targeted group for this 
study was male and female students, between the ages of 13 to 17. These ages were selected as 
opposed to other age groups because the need for energy and iron is increased due to increased 
physiological needs at this age. A food frequency questionnaire was developed in collaboration 
with the students' parents and featured 48 commonly consumed foods divided among ten food 
groups. A painstaking data set was developed that included the gram weight of the total recipe 
as well as the gram weight of each of the serving sizes of the cooked food items taking into 
account consistency and texture as well as quantity of food in each of five portions found on the 
questionnaire. This chapter discusses findings of iron and kilocalories consumed and compares 
these values to the Food and Agricultural Organization recommendations. 
Frequency Information on the Surveyed Population 
There were 116 surveys completed by students attending the 8th, 9th, and 10th grades of 
Vidya Vardhini English Medium School and the junior college at Maharashtra Udaygiri 
Mahavidalaya. Three surveys were removed from analysis (3 males) because kilocalories or iron 
consumed daily fell outside of 2 standard deviations. Therefore, the food frequency 
questionnaires completed were 113 (50 females and 63 males). The age ranges and numbers of 
the participants are shown in Table 10. Eleven, 29, 18,39 and 16 students were surveyed with 
the ages of less than age 13, 14, 15, 16 or greater than 17 years of age, respectively. 
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Table 10 
Ages and Frequencies of Students from a Rural Southwestern Part of India that Completed the 
Food Frequency Questionnaire to Determine Iron and Kilocalorie Content of Commonly 
Consumed Regional Foods 
Age Frequency Percent Cumulative Percent 
<13 11 9.7 9.7 
14 29 25.7 35.4 
15 18 15.9 51.3 
16 39 34.5 85.8 
>17 16 14.2 100.0 
Values were obtained from the food frequency questionnaire for all the food groups as 
described in the methods section, Chapter 4. First, each of the values obtained from food items 
within each of the ten food group were totaled to obtain the amount of energy and iron consumed 
as a total from each food group in the three different periods, daily, weekly, and monthly. Next, 
the values from each food group were totaled to get the final amount of kilocalories of food 
energy and mg of iron consumed from all the food groups during the day, week, and month time 
periods. Last, the energy and iron concentrations were calculated on a daily basis i.e., 
kilocalories monthly/30 + kilocalories weekly17 + daily kilocalories = total daily kilocalories. 
The premise was that once a value was calculated on a monthly basis that value can be divided 
by 30 to get a value for a daily basis. Once a value was calculated on a weekly basis, the value 
obtained could be divided by 7 to get a value for a daily basis. These values were then compared 
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to F AO recommended values for kilocalories by gender and age utilizing at-test (SPSS, version 
17.0 for windows). Two recommendations for iron either 5% or 15% bioavailability were also 
compared by t-test against actual consumption in milligrams. 
Daily Kilocalorie Intake of Students and Mean Differences between the Actual Kilocalorie Intake 
and the FAD Recommended Kilocalorie Intake 
Table 11 shows the mean daily intake of kilocalories and standard error of mean 
compared to the mean of kilocalories and standard error of mean recommended by the F AO for 
daily intake. The mean daily intake of kilocalories for males was 3174 and the mean F AO 
kilocalorie recommendation for males was 3109. The mean daily intake of kilocalories for 
females was 2164 and the mean FAO daily kilocalorie recommendation was 2418. Table 12 
shows the paired samples t-test of differences of daily kilocalories compared to the mean F AO 
daily recommended kilocalories for males and females. The males' kilocalorie intake was 3174 
and the recommended kilocalorie was 3109 so the 64.88 deficit was not significantly different 
from the FAO recommendation. However, females consumed 2164 kilocalories which was 




Daily Kilocalorie Intake of Students from a Rural Southwestern Part of India Derived from the 






F AO Kilocalorie Recommendations 
and Standard Error of Mean 
3109.17±34.22 
2418.14+ 16.28 
Kilocalories Consumed and N 
Standard Error of Mean 
3174.06+ 181.75 63 
2164.51 + 123.98 50 
Mean Differences between the Actual Kilocalorie Intake and the FAD Recommended Kilocalorie 
Daily Intake Utilizing Paired Samples t-Test 
Gender Difference from F AO Kilocalorie t value 
Recommendations and 
Standard Error of Mean 
Male -64.88±178.56 -0.363 









Daily Iron Intake and Mean Difference between Students 'Actual Iron Intake Compared to the 
FAD Recommendations for a 5% and 15% Iron Bioavailable Diet 
Paired samples statistics were conducted comparing the F AO daily iron recommendation 
for both 5% iron bioavailability and 15% iron bioavailability to the mean daily iron intake in mg 
for the two genders. Tables 13 and 14 give the mean recommended iron in milligrams by the 
WHO/F AO for a 5% and 15% iron bioavailability diet compared to the actual daily mean iron 
intake of males and females with standard errors of means. Females consumed an average of 
45.38 mg of iron. This amount is lower than the FAO daily recommended amount of iron for 
females in a diet with 5% iron bioavailability (63.08 mg) but higher than the FAO daily 
recommended amount of iron for a meat-based diet with 15% bioavailability (21.36 mg). Males 
consumed an average of 63.77 mg iron/day. This is greater than the recommendation for the 5% 
iron bioavailability of a plant-based diet of34.86 mg and much greater than the 11.30 mg 
recommended for males eating the 15% iron bio-available meat-based diet. 
Table 13 
Daily Iron Intake of Students from a Rural Southwestern Part of India Derived from the Food 
Frequency Questionnaire which Utilized Serving Sizes of Commonly Consumed Regional Foods 
Compared to the FA 0 Recommendations for a 5% Iron Bioavailable Diet 
Gender F AO Iron Recommendations Iron Consumed and N 
and Standard Error of Mean Standard Error of Mean 
(mg) (mg) 
Male 34.86±0.55 63.77±4.73 63 
Females 63.08±0.206 45.38±4.65 50 
55 
Table 14 
Daily Iron Intake of Students from a Rural Southwestern Part of India Derived from the Food 
Frequency Questionnaire which Utilized Serving Sizes of Commonly Consumed Regional Foods 




F AO Iron Recommendations 




Iron Consumed and 







Tables 15 and 16 show the differences in the means of the iron actually consumed versus 
the FAO recommended amounts for the 5% and 15% bioavailable diets. Note that all differences 
were significantly different. Males consumed 28.91 and 52.47 mg more iron daily than the 
WHOIFAO recommendations for the 5% and 15% iron bioavailable diets (34.86 mg and 11.30 
mg, respectively). And the differences in the means for females for the 5% bioavilable diet was 
significantly less (p=O.OOI) or 17.70 mg less and for the 15% was significantly more (p=0.001) 
or 24.01 mg more iron than the WHOIFAO recommended (63.08 and 21.36 mg, respectively). 
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Table 15 
Mean Differences between the Actual Iron Intakes and the FAD Recommended Iron Daily 
Intakes for the 5% Iron Bioavailable Diet Utilizing Paired Samples t-Test 
Gender Difference from F AO Iron 
Recommendations and 
Standard Error of Mean 
t value df Significance 
(2-tailed) 
(mg) 
Male -28.9l±4.58 -6.314 62 0.001 
Females 17.71±4.67 3.79 49 0.001 
Table 16 
Mean Differences between the Actual Iron Intakes and the FAD Recommended Iron Daily 
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Iron means were also analyzed for the various age and gender groups and were compared 
to the WHO/FAO recommendations. The mean iron intake (47.17 mg) for males 11-14 was 
significantly greater (t[21]-6.321, p = 0.001) and (t[21]-3.09, p = 0.006), respectively, than the 
WHO/FAO recommended 29 and 10 mg for a 15% and 5% iron bioavailable diet. The average 
iron consumed by males 15-18 was 72.68 mg, significantly greater than the F AO 
recommendation (12 mg) for a 15% bioavailable diet (t[40] = -9.87, P = 0.001, two tailed) and 
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also greater (t[40]-5.638, p=O.OOl) than FAO recommendations (38 mg) for a 5% bioavailable 
diet. The recommended amount of iron for menstruating females 11-14 is 22 mg and 65 mg, 
respectfully, for a 15% and 5% iron bioavailable diet. The WHOIFAO recommended amount for 
females ages 15-17 is 21 mg and 62 mg, respectfully, for a 15% and 5% bioavailable diet. The 
average iron consumed by females 11-14 was 41.59 mg and for females 15-18 was 47.50 mg of 
iron. For both female age groups the amount consumed was significantly higher (t[17]-2.37, p = 
0.03, two tailed) and (t[31] -4.69, p= 0.001, two tailed) than the recommended amount for the 
15% bioavailable diet for females age 11-14 (22 mg) and age 15-18 (21 mg), respectively. 
However, the intake of females 11-14 (41.59 mg) and 15-18 (47.50 mg) was significantly lower 
(t[17] 2.834, P = 0.011, two tailed) and (t[31] 2.565, p= 0.015, two tailed), respectively than the 
intake recommended for a 5% bioavailable diet (65 and 62 mg). Basically, when iron intake was 
compared by gender and age groups broken into ages 11-14 and 15-18, the findings were similar 
to the analysis of all males or all females compared to the WHOIF AO recommendations. 
The significance of these findings will be discussed in Chapter 5. The results indicated 
that all females consuming a 5% bio-available plant-based diet would not meet the WHOIF AO 
iron recommendation by 17.71 mg (Table 15). All males were meeting their iron needs with a 
5% bioavailable plant-based diet and did appear to meet their daily kilocalorie recommendations. 
However, females were not meeting their energy recommendations. There was a mean deficit of 
253.63 kilocalories. 
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Chapter V: Discussion 
A survey was conducted by means of a food frequency questionnaire to assess dietary 
intakes, frequency of consumption, as well as energy and iron intakes of an adolescent 
population from a rural area of India. Energy and iron needs in this age group are increased due 
to the rapid growth spurt of the adolescents. A study of this type utilizing a food frequency was 
new to this part of India. The design for the instrument was based upon the food frequency 
model developed by Harvard University to assess intakes in western societies, particularly 
America. The validity and reliability of the instrument in western countries has been well 
established. However, very few studies have been conducted in India to support the 
reproducibility, validity and reliability of the food frequency instrument. Hebert et al. and his 
colleagues in (1998 and 2000) developed food frequency questionnaires in two distinct regions 
ofIndia having altogether different food habits. Both of these questionnaire tools had a checklist 
of foods of less than 100 items, frequency of intakes and typical portion sizes. Results from these 
studies supported the validity of constructing instruments to be tested in other regions of India 
with diverse food habits. Kapil et al. in 2004 conducted his study on the reproducibility of the 
food frequency instrument and found that this instrument was effective in rural settings. The 
maj ority of the population of India still resides in rural/village type of settings, and this 
population contributes to the bulk of the deficiency diseases. Conducting the present study in a 
rural part of India had the potential to demonstrate the relationship between the dietary intakes to 
iron deficiency anemia. 
Developing the food frequency questionnaire was a major focus of this research project. 
Therefore, it is appropriate that the process used to develop the food frequency questionnaire be 
reviewed in the discussion chapter. The instrument developed for the current study took many 
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factors into consideration factors that directly or indirectly influenced diets. Foods that were 
most commonly available and consumed most frequently were included in the survey. Out of 
total list of foods consumed in India, 48 items were selected that represented the commonly 
consumed items of this rural area. These items were divided into ten food groups and then by 
common modes of preparation. Food items and their preparation methods were translated into 
the native language as English is not the first language of use. In order to provide a better 
understanding of the food items, pictures were retrieved from resources found over the internet 
and were inserted along with the names ofthe foods. Portion estimation was divided into five 
sizes (i.e., small, small-medium, medium, medium-large and large). Frequency intakes were 
divided into three periods (monthly, weekly and daily). In each of these three periods each ofthe 
food items consumed were put in an increasing order of consumption with a range (i.e., monthly, 
never, >1, 1-3; weekly 1, 1-3,2-4,5-6 and daily 1, 2-3, 4-5, and 5-6). As compared to previous 
studies the ordinal format of responses that included an interval range was a new addition. The 
interval range choices were modified based upon the consumption patterns of each food item. 
The recipe database, estimated quantities of ingredients, modes of consumption, portion 
size estimates and common methods of preparation were determined through a series of meetings 
with the parents who gave consent and subsequently allowed their children to take part in the 
study. Meeting with parents was an effective way to develop the recipe database and to obtain 
common portions. All the ingredients were weighed initially and recipes of food items were 
prepared in a lab. A nutrient database was built that included an exact weight of all ingredients, 
nutritive values of macronutrients, micronutrients, amount of energy/iron present in each recipe 
per total weight of all ingredients and amount of energy/iron per 100 grams of recipe. In 
developed countries such as the United States well constructed nutrient databases according to 
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usual portions and modes of consumption are available to calculate nutrient intake. These easily 
accessed data bases do exist in India. The most tedious part of this study was to standardize the 
measures of each portion size to obtain a data base for further analysis. All the recipes were 
weighed in the volumetric and circular measure to obtain an accurate total quantity before 
portions commonly consumed were weighed. The weights for each recipe were photographed in 
order to minimize the error. Then weights from the portion sizes ranging from the lowest to 
highest in terms of grams consumed for the different kinds of models (i.e., small, small-medium, 
medium, medium-large and large sizes) were also photographed. The photography was 
extremely valuable and is recommended for others attempting similar studies. After all the 
portion sizes were standardized for each food item and common modes of consumption 
established, these portion sizes were demonstrated to participating students so there would be 
less error when the students selected their typically consumed portion sizes on the questionnaire. 
This demonstration was very helpful as students do not commonly consider portion sizes. 
Statistics used for this data were the sample mean, standard deviation and standard error 
of mean. Statistical tests used for reaching a conclusion were the t-test and paired t-test. Mean 
energy intakes were compared with the F AO/WHO recommended values for the corresponding 
age groups and genders. For iron, the daily intake values were compared to the F AO/WHO 
recommended daily iron amounts for the ages of the boys and girls at two percentages of iron 
bioavailability, at 5% and 15%, depending if the diet was plant or animal based. The 5% 
recommendation depicts the absorptionlbioavailability obtained from plant based diets and the 
15% recommendation corresponded to bioavailability of iron from meat based diets. 
61 
Conclusions 
Variables used in the study were daily energy and iron intakes of adolescent males and 
females which were compared to the standard reference values provided by the FAO/WHO 
(2001). The mean daily energy intake of the sample for males was 3174 kilocalories which 
when compared to F AO/WHO recommended value of 31 09 kilocalories showed a mean increase 
of 64.88 kilocalories by the males. For females the mean daily intake was 2164 kilocalories as 
compared to the recommended intake of2418 kilocalories which showed a mean deficit of253.6 
kilocalories. From the results it is evident that males met their daily energy needs as compared to 
their female counterparts. Results ofthe paired t test showed that the girls were not meeting the 
recommended energy needs from their diets whereas the boys were meeting the kilocalories 
recommended by the FAO/WHO. 
The mean intake of iron for men was 63.77 milligrams. The mean recommended intake 
from a 5% iron bioavailable plant based diet for men was 34.86. The mean intake was 28.91 
milligrams above the recommended which shows that the adolescent males are meeting their 
requirements even when low bioavailability of iron is assumed. The mean intake of iron for the 
adolescent females at the 5% iron bioavailablity was 45.36 mg and the recommended iron intake 
was 63.08; thus the girls had a mean deficit of 17.70 mg. The females were significantly lower 
than the recommended iron intake for a 5% iron bioavailable diet. Thus there was a deficient 
iron intake from the plant based diets for the females. 
Recommended,intake values at 15% bioavailability for meat based diets for adolescents 
was 11.30 mg thus their consumption was 52.47 milligrams over the recommended. Females 
recommended values were 21.36 milligrams, and these adolescent females consumed a mean 
increase of24.01 milligrams over the recommended for a 15% iron bioavailable diet. This 
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shows that both the males and females in the sample met their iron requirements if a 15% 
bioavailabile meat based diet had been consumed. However, the diets consumed by this 
population were consistently plant based diets. A recommendation of iron based on a 15% iron 
bioavailable meat based diet is not representative of most rural Indian diets. For instance, in this 
study only 10-15% of students had meat consumption either on a weekly or monthly basis. These 
students may not be at higher risk as compared to non-consumers but consumption once in a 
while will not change iron status to any great extent. In this study most of the respondents had 
plant-based diets and very few had animal-based diets that would have contributed iron to the 
diet. A 15% iron bioavailable meat based diet may be nonexistent in this population. 
Before reaching any consolidated conclusion regarding nutrient intakes in this sample 
from a rural part of India some important points have to be understood. Frequency intakes were 
measured based upon monthly, weekly and daily periods. Certain foods included in the survey 
were specifically consumed on weekly or monthly periods. Final values for energy and iron were 
obtained by adding values derived by dividing monthly and weekly intakes by the respective 
days present in each period, either 30 or 7, respectively. These two values may tend to increase 
or decrease the final daily intake from all the food groups compared to a food record kept for 
thirty days. A typical daily consumption as mentioned in chapter two would consist of certain 
amount of food from the cereals/millets, rice pulses/legumes, one or two vegetables, perhaps a 
fruit, pickle, and milk product. For all the food groups, consumption could vary based upon 
choice of a particular food in each of the time periods for each of the respondents. 
Two recommendations for bioavailability of iron at 5% and 15 % provided by the 
FAO/WHO (2001) for plant-based and animal-diets were used to compare actual consumption. 
The recommended value at the 5% iron bioavailability plant-based diet is much higher for all of 
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the age groups due to increased physiological iron needs, poor absorption, ratio of non-heme iron 
to heme iron, and the promoters and inhibitors present in plant based foods (Gillooly, 1983; 
Hallberg, 1981). The recommendations at 15% iron bioavailable diet had lower values of daily 
intakes due to presence of the much better absorbable heme iron from animal-based foods. 
Monsen et al. (1988) showed 15-25% absorption of heme iron from animal based foods. Sharma 
(2003) found a 2-20% range for bioavailability for non-heme iron. Narasinga Rao, 
Vijayasarathy, and Prabhavathi (1983) and Gopalan, Rama Sastri, and Balasubramanian (2004e) 
in their studies found the bioavailability percentage of plant based-diets as between 1-6% and 2-
3%, respectively. 
Recipe preparations depend upon different measures of ingredients, spices/condiments 
used, and cooking methods employed. The foods included in this survey except for fruits had at 
least two ingredients in the recipe for its preparation. Addition of spices and condiments is a 
practice followed daily for flavor and taste, but there are not enough studies to support how these 
spices and other traditional Indian recipe ingredients affect the absorption of iron (Gopalan, 
Rama Sastri, & Balasubramanian, 2004c; Hallberg, Brune, & Rossander, 1989). A few studies 
have demonstrated some of these ingredients are good sources of iron, but also have noted 
inhibitors are also present. The end bioavailability of iron is a source of variation for each and 
every recipe. Intake of iron for male students at 5% iron bioavailability were higher than the 
recommended by the F AO/WHO for a plant-based diet, but this value could be lower or higher 
due to a number of factors. For females there was a substantial difference with values 
significantly lower than the F AO/WHO 5% iron bioavailable diet recommendations; however, 
the presence of inhibiting factors could further lower the value resulting in a greater deficient 
intake or values could have been slightly higher if the contribution of breakfast items had been 
considered. 
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In this study, iron intake and calories consumed by males were greater than females 
largely due to the increased kilocalories consumed. The intake of kilocalories and iron of females 
were significantly lower than the F AO/WHO recommendations for kilocalories and the mg of 
iron for a 5% iron bioavailable diet. The results of this study support the biochemical evidence 
that indicate that the prevalence of iron deficiency anemia in adolescent girls is at 68-70% 
(NFHS, 2005). In the male dominated Indian societies some families tend to feed their male 
children better than females, and this shameful aspect of the culture to underfeed the females is 
still followed in India. Males are seen as the ones who are supposed to earn a wage and look after 
parents in their elder years as well as to take the family lineage into the future. Females are 
bound to marry and will represent different families. Men tend to consume more food due to 
physiological requirements and energy needs which provides increased nutrients such as iron. 
Females may be hesitant in consuming meats and extra calories as compared to men. 
The National Institute of Nutrition is a tertiary center in India dealing with problems 
associated with diet. This institute mentions that people in the state of Maharashtra where the 
present study was conducted have a better, more complete diet as compared to other states (NIN, 
1992). This is due to fact that this is a state where regional availability of cereals/grains is in 
abundance, there is better irrigation for crops and thus a higher yield, and the state has a higher 
literacy and income as compared to other states who only consume one grain such as rice, have a 
lower agricultural output as well as a lower literacy/income. All in all, this report places 
Maharashtra at a more advantageous position in dietary intake. However results from the present 
study negate this accepted fact to a certain extent in the case of adolescent girls. 
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Testing the developed instrument in this population segment supported the validity and 
reliability of the food frequency questionnaires in this rural part of India. The questionnaire 
fulfilled the basic objectives ofthe study which was to compare the iron and calorie intake of 
adolescent boys and girls. The study established a diet/disease relationship by showing a 
deficient intake of both energy and iron in the sample female population. Data analyzed based 
upon recommendations provided by FAa/WHO on bioavailability of iron was a totally new 
method of nutrient estimation in India. After a thorough search of all existing resources 
indexes/databases/nutrition websites, journals, scholarly articles, books at National Institute of 
Nutrition and Indian Council of Medical Research studies, the validity/reliability ofthe test 
instrument or the food frequency questionnaire was initially tested. This questionnaire estimated 
the calorie and iron intake from various food groups, provided a correlation between diet/disease, 
and highlighted differences in calorie and iron intake between adolescent males and females. 
Thus, the food frequency questionnaire that was developed could be viewed as a success and 
should be useful as a model in new studies that examine food intake and iron deficiency. In 
addition, specific instruments that concentrate on specific macronutrients or micronutrients in the 
Indian population may be designed based on the food frequency questionnaire model developed 
as a result of this research. 
Limitations 
One limitation of the study was the fact that the iron deficiency in the diets could not be 
verified with biochemical tests. Unfortunately, funding was limited and biochemical tests were 
not completed. Although iron intake of the females indicated that iron deficiency was possible, 
the biochemical tests to confirm the iron status of the students are missing. Considering that the 
prevalence of iron deficiency is 68-70% in adolescent girls these lower iron intakes may be of 
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concern (NFHS, 2005). Another limitation was that menstruation status of the younger females 
was not determined. The WHO/F AO recommends lower iron values for non menstruating 
adolescents compared to menstruating adolescents. As menstruation status was not determined, 
only the iron recommendation for menstruating females was used for data analysis. Thus, the 
comparison of iron intake to the recommended WHO/F AO recommended amount would not be 
accurate for non menstruating females. This could have made the comparison of actual iron 
intake lower than the recommended. The lack of biochemical tests and failure to determine 
menstruation status are the two primarily limitations. Other more minor limitations exist. 
Very few studies have developed and tested a food frequency questionnaire on segments 
of the Indian population or have accounted for the regional diversity of foods. Testing a newly 
developed food frequency instrument in the target area possesses some difficulties in establishing 
both validity and reliability. Of the very few studies conducted, the use of the food frequency 
was used to achieve specific objectives. In this study the objective was to evaluate calorie and 
iron dietary intake of adolescents. The biggest challenge in developing a food frequency is the 
complexity of the Indian mainland where many factors affect diets. The regional variation in 
consumption of foods necessitated the development of an instrument featuring regional foods 
with local recipes and the associated regional cooking techniques. The instrument developed for 
this study had to be accurate in the selection of foods of the region and the recipes had to 
represent those that the population studied used, as well as reflect the cooking procedures 
employed in the different households for the same recipe. In such a case as these conditions 
were met, it could be said be said that validity and reliability of this study was assumed for data 
collection. 
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However, in hindsight the 48 food items were not representative of all the foods 
consumed in the area which is a limitation. Foods included were the ones consumed typically at 
lunch and at dinner. Very few foods, other than the fruits included in the study, represented the 
intakes at breakfast. Another limitation associated with fruits was the seasonal availability of 
fruits. Depending upon the season, fruit consumption could be over or under estimated. The 
overall energy and iron derived from the foods may be affected by these limitations. The 
approximate measure of ingredients for recipes, portion sizes described by parents, recipe 
preparation and cooking methods may have also induced variability in the data set developed. 
These factors were taken into account by building a common consensus with the parents and 
measuring each recipe in different portion sizes, so as to standardize the measurements. 
However, there may remain errors due to the parents' observation and measurement bias that 
may have occurred. The questionnaire was 45 minutes long. Students may have felt tired and 
may have been hasty in making choices at the end. As the quantitative assessment and frequency 
intake was a new concept, the unfamiliarity of the instrument could have affected choices. Some 
food groups like meats may not been correctly selected due to religious considerations or the 
stigma attached to eating meat. Nonetheless, the survey tool was a significant attempt to develop 
a basis for gathering data about food consumption in this rural Indian population, which might be 
utilized by researchers conducting further nutritional studies in India. 
Recommendations 
To assess awareness regarding diets, specific nutrient intakes, regional variations in 
cooking recipes, construction of standard nutrient databases according to the region, 
standardizing measures for portion estimates, amount of nutrients derived from various food 
groups in different age groups, as well as establishing reliability/validity of food questionnaire 
instruments for testing in various regions, there remains a need to carry forth research on 
following points 
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1) Carry out studies using a similar instrument in various age groups who are at highest risk 
of deficiency of iron in other parts of the state that include villages, rural and urban 
settings. Gather biochemical measurements to compare deficiencies and iron storage to 
dietary iron intake. 
2) Carry out similar studies in different regions of other states having marginal to large 
variations in food intakes in order to establish validity, to compare cross variations in 
answering choices regarding foods, and to compare results from the two studies .. 
3) Establish similar projects to assess accurate intakes of foods from different food groups 
or/and to categorize foods that provide the bulk of nutrients to determine beneficial or 
harmful effects on deficiency/adequacy of the diets. 
4) Include a near complete list of foods/foods consumed and conduct a study by different 
regions of India. 
5) Administer the food frequency multiple times in a year to bridge seasonal variations in 
different foods and include an additional choice on the questionnaire for food items that 
are consumed only at very special occasions. 
6) Carry out studies to prepare recipe and nutrient databases that includes the entire 
population and to further standardize measures of portions to have a more exact measure 
of nutrient intakes. 
7) Carry out studies on people with a deficiency disease and include a control group 
without the deficiency to compare the dietetic intakes in these groups. 
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8) Develop an instrument that focuses on foods that are very rich sources of iron and other 
nutrients as well as various sources of promoters and inhibitors to test whether the 
populace knows the importance of the foods that either reduces/prevents a deficient state 
or having the disease. 
9) Carry out studies in the population of those that have other causes of disease other than 
nutritional causes and examine how dietetic intakes aggravate/alleviate the present 
condition. 
10) Prepare tables for consumption of iron from different percent bioavailability such as 
cereal, rice based and meat based diets. 
11) Conduct a study based on intakes from iron dense foods versus intakes from processed 
foods. 
Results obtained from the studies recommended above can help to assess dietetic intakes 
in detail, identify target populations at risk, as well as to help in planning strategies, construct 
interventions, and to implement the interventions in the most effective way. Conducting 
biochemical tests for the recommended studies would make the association of the iron intake to 
iron status clearer. Results from such studies could help various governmental agencies, 
international organizations and non-profit institutions to modify their work in accordance to the 
problems identified so as to execute their interventions in the most beneficial ways. Results 
from the recommended studies both in intake and biochemical testing could help health 
professionals to counsel at risk/iron deficient populations on food sources high in iron as well as 
to relay enhancers of absorption. Continued studies of all ages within the population groups 
could also identify if a universal iron fortification of food item(s) in the food supply is necessary 
and beneficial to the health of India. 
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Consent to Participate in UW -Stout Approved Research 
Quantitative food frequency questionnaire to assess iron intake and nutritional awareness of adolescents 
in rural India. 
Investigator: 
Dattavardhan.M.Kattaru 
133 Meadow drive 
Beaver Falls, Pennsylvania 15010 
The objective of this project is to complete a food frequency questionnaire based upon commonly 
consumed regional foods in India. This questionnaire will focus on intake of foods containing iron 
required for daily growth and that would help adolescents to make choices among commonly existing 
foods. 
Risks involved in this project are minimal. Some of the people might have difficulty making choices 
among the meat products. Choices could depend upon cultural, religious beliefs, social taboos, and some 
might be consuming foods not provided in this list. 
This project will benefit you by making you more aware of daily nutritional needs based upon commonly 
available foods. It will increase selection of choices out of the existing foods to meet the daily nutritional 
requirements. 
Involvement in this project is voluntary and is upon consent from the parents. Parents who are willing to 
allow their children to participate will need to sign a consent form given below. 
The survey will take approximately forty minutes to complete. Some of you might take lesser or more 
time depending upon choices you make. Additional time will be provided to those who are unable to 
complete the survey within 40 minutes. 
Information related to your participation is strictly confidential. There is no collection of any names or 
identities on any forms. The consent form provides the willingness to participate in the study and does not 
contain any personal information. Data collected from the study is to assess nutrient intake and is 
intended solely for educational purposes. 
Participation in this project is voluntary. There are no adverse consequences if you choose not to 
participate. Should you choose to participate and later wish to withdraw from the study you may 
discontinue your participation at this time without incurring adverse consequences. 
This study has been reviewed and approved by The University of Wisconsin-Stout's Institutional Review 
Board (IRE). The IRE has determined that this study meets the ethical obligations required by the federal 
law and university policies. If you have questions or concerns regarding this study, please contact the 
Investigator or Advisor. If you have any questions, concerns or reports regarding your rights as a research 
subject please contact the IRE administrator. 
Advisor: 
Dr. Carol Seabom, PhD, RD, CD, CFCS 
Professor and Program Director 
( seabomc@uwstout.edu) 
Department of Food and Nutrition 
University of Wisconsin-Stout, 
Menomonie WI 54751 
IRB Administrator: 
Sue Foxwell, Director, Research services 
152 Vocational Rehabilitation 
(foxwells@uwstout.edu) 
715-232-2477 
University of Wisconsin-Stout 
Menomonie WI 54751 
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Statement of consent 
By signing this consent form you agree to participate in the project entitled, "Quantitative Food 
Frequency Questionnaire to Assess Iron Intake and Nutritional Awareness of Adolescents in 
Rural India." 
Signature of the participant Date 
By signing this consent form, you allow your son or daughter to participate in the project 
entitled, "Quantitative Food Frequency Questionnaire to Assess Iron Intake and Nutritional 
Awareness of Adolescents in Rural India." 
Signature of parent or guardian Date 
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Appendix B: Photographs of the Weighed Food Items 
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Each of the ingredients of a recipe was weighed. For example the pictures below show some 
of the weights of the ingredients (not pictured cow milk) used to prepare the recipe ofKheer 
(rice pudding) with a total weight of 390 g. (white rice, 50 g.; coconut powder, 25 g.; jiggery, 50 
g.; cardamom, 0.3 g.; cow milk, 250 g.; cashew nuts, 20 g.; and almonds,S g.). The amount of 
energy and amount of iron in milligrams per 100 grams of edible portion of the kheer was 
calculated based on the amount iron contributed by each ingredient to the total recipe. 
Weight of white rice for Kheer (50 g.) Weight ofjiggery (sugarcane) (50 g) 
Weight of coconut powder (25 g.) Weight of cashew nuts (10 g.) 
Weight of almonds (5 g.) Weight of cardamom (0.3 g.) 
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The upper left corner picture depicts the sizes of cups (small, small-medium, medium, 
medium-large, and large) used in this study. Pictures of the kheer (rice pudding) depicts the 
careful weighing to determine total grams in the typical serving sizes commonly consumed by 
rural Indian students as described and identified in cup sizes by the parents. The gram weights of 
kheer in a small cup, small-medium cup, medium cup, medium-large and large cup were 
weighed to obtain gram weights of the five serving sizes. The gram weights ofthe serving were 
then used to compare to the kheer recipe (containing rice and other ingredients) which had been 
pre-determined for calories and iron (mg) for a 100 g portion of the recipe, i.e. a 50 g or small 
cup would contain Yz of the amount of calories and iron (mg) in a 100 g portion. 
A picture of cups used in study. Kheer (rice pudding) small cup (50 g). 
Kheer (rice pudding) small-medium cup (75 g). Kheer (rice pudding) medium cup (100 g). 
Kheer (rice pudding) medium large cup (125 g). Kheer (rice pudding) large cup (150 g). 
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The pictures below show the weights of bottle gourd for the small, small-medium, 
medium, medium-large, and large cup size. Each of the vegetables weighed 50 g., 75 g., 100 g., 
125 g., and 150 g., respectively in these five sizes. The total weight of the ingredients in grams 
used to prepare the bottle gourd recipe were 284.38 (250 g of bottle gourd,S g of salt, 1 g of chili 
powder, 15 g. of groundnut powder, 10 g of oil, 1 gram of cumin seeds, 1 g. of mustard seeds, 
0.1 g turmeric powder, 1 g. of coriander leaves and 0.28 g of curry leaves). Then the amount of 
calories and iron contributed by each ingredient in a 100 g portion was determined. And from 
that the amount of energy and iron (mg) in the gram amounts of each of the serving sizes (cup 
measures) were calculated. 
Small cup bottle gourd (5 a g.) Small-medium cup bottle gourd (75 g) 
Medium cup bottle gourd (100 g) Medium-large cup bottle gourd (125 g.) 
Large cup bottle gourd (150 g) 
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The picture below (upper left) shows models of the diameter sizes ofjowar typically 
consumed by rural Indian students as described and identified by the students' parents. The 
pictures also show the weight of the amount of flour in grams to make each diameter size of 
jowar. This allowed the amount of flour in each serving size (a set diameter) ofjowar to be 
compared to 100 gram measures of flour with known calories and iron to determine calories and 
iron (mg) in the portions typically eaten. 
Circular models of jowar. 
(8 cm, 12 cm, 16 cm, 20 cm and 24 cm) 
Flour weight to make a small-medium jowar 
(12 cm, 14 g flour) 
Flour weight to make a medium-large jowar 
(20 cm, 23 g flour). 
Flour weight to make a small jowar 
(8 cm, 9 g flour.) 
Flour weight to make a mediumjowar 
(16 cm, 19 g flour). 
Flour weight to make a large jowar 
(24 cm, 32 g flour) 
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The pictures below depict the diameter sizes of jowar consumed by rural Indian students as 
described and identified by diameters by the students' parents. Each of the diameters of cooked 
j arwa was weighed. 
Small size ofjowar (17.92 g; 8 cm) 
Mediumjowar (34.43 g, 16 cm) 
Large size j owar (46.40 g; 24 cm) 
Small-medium size ofjowar (25.24 g; 12 
cm) 
Medium-large jowar (40.03 g; 20 cm) 
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Appendix C: 
Tables Developed for the Pre-cooked and Cooked Weights of Each of the Subgroups of 
the Ten Food Groups and the Milligrams ofIron and Amount of Energy in Kilocalories per 100 
Grams of Edible Portion of the Ingredients 
Cereals and Grain Products 
Table 1 
Precooked and after cooked weights of cereal and grain product flours 
Name of the food stuff Pre-cooked weights in grams 
S(8 ems) S-M(12 ems) M (16 ems) M-L(20 ems) 
Bajra (Roti) 11 15 19 25 
Jowar (Roti) 11 15 19 25 
Wheat (Roti) 9 14 19 23 
Wheat (Puri) 14 19 
Table 2 
After Cooked weights in 12 aIDS 
L(24 ems) S(8 ems) S-M(12 ems) M(16 ems) M(20 ems) L(24 ems) 
30 18.15 20.37 24.91 54 54 
30 17.92 25.24 34043 40.03 46.40 
32 11.92 22.8 30.61 31.51 39.6 
14.98 25.50 
Amount of macronutrients, energy and iron in 100 grams of cereal and grain products 
Cereal and grain Weight in Amount of macronutrients per 100 grams Amount of iron in milligrams per 100 Amount of energy in kilocalories per 100 
preparations grams of edible portion grams of edible portion of the ingredients grams of edible portion of the ingredients 
Carbohydrate Protein Fat 
Bajra 100 67.5 11.6 5 8 361 
Jowar 100 72.6 lOA 1.9 4.1 349 
Wheatroti 100 73.9 11 0.9 2.7 348 
Wheatpuri 100 73.9 11 0.9 2.7 348 
Table 3 
Final amount of energy and iron in flour breads 
Cereals Precooked Amount of macronutrients in Amount of iron 
and grain weights of 100 grams of edible portion of in milligrams 
products flour and its flour in 100 grams 
ingredients Carbohydrate Protein Fat of edible 
portion of flour 
Bajra 100 67.5 11.6 5 8 
flour 
Jowar 100 72.6 lOA 1.9 4.1 
flour 
Wheat 97 73.9 11 0.9 2.7 
flour 
Salt 0.5 0.186 
Oil 5 100 
Wheat 33 73.9 11 0.9 2.7 
flour 
(puri) 
Salt 0.5 0.186 
oil 5 100 
Amount of iron Amount of 
in milligrams energy in 
present in kilocalories in 
ingredients to 100 grams of 










Amount of Total amount 
energy in of energy 
kilocalories present in 
present in kilocalories in 
ingredients to flour bread 









of iron in 
milligrams 





























































Amount of macronutrients per 
100 grams of edible portion of 
the ingredients 
Carbohydrate Protein Fat 
79 6.4 0.4 
- - -
l 
Amount of macronutrients per 
100 grams of edible portion of 
the ingredients 
Carbohydrate Protein Fat 
79 6.4 0.4 
59.9 24.5 1.2 
- - 100 
42.1 10.2 2.2 
46 5.2 8.9 
49.2 11.5 6.8 
- - -
36.6 18.7 15 
12.3 2.3 0.9 
29.8 6.3 0.1 
69.4 6.3 5.1 
Amount of Amount of Amount of Amount of Total amount Total 
iron in iron in energy in energy in of energy in amount of 
milligrams milligrams kilocalories kilocalories kilocalories iron in 
per 100 grams present in per 100 grams present in the in the recipe milligram 
of edible ingredients to of edible ingredients to present in 
portion of the prepare the portion of the prepare the the recipe 
ingredients recipe ingredients reCIpes 850 2.5009 
1 2.5 340 850 
0.186 0.0009 
Amount of Amount of Amount of Amount of Total amount Total 
iron in iron in energy in energy in of energy in amount of 
milligrams milligrams kilocalories kilocalories kilocalories iron in 
per 100 present in per 100 grams present in the in the recipe milligram 
grams of ingredients to of edible ingredients to present in 
edible portion prepare the portion of the prepare the the recipe 
of the recipe ingredients reCIpes 
ingredients 
1 2.5 340 850 1273.51 5.32 
3.9 1.95 348 174 
- 900 225 
4.6 0.03 229 1.69 
11.7 0.03 286 0.85 
12.4 0.04 304 1.03 
0.186 0.0009 
11.7 0.58 356 17.8 
3.5 0.05 67 1.005 
1.2 0.01 145 1.45 
67.8 0.13 349 0.69 
Table 6 






















Amount of macronutrients per 
100 grams of edible portion of 
the ingredients 
Carbohydrate Protein Fat 
79 6.4 0.4 
18.4 6.8 62.3 
95 0.4 0.1 
42.1 10.2 2.2 
4.4 3.2 4.1 
22.3 21.2 46.9 
10.5 20.8 58.9 
Amount of Amount of Amount of Amount of Total Total 
iron in iron in energy in energy in amount of amount of 
milligrams milligrams kilocalories kilocalories energy in iron in 
per 100 present in per 100 grams present in the kilocalories milligram 
grams of ingredients to of edible ingredients to in the recipe present in 
edible portion prepare the portion of the prepare the the recipe 
of the recipe ingredients recipes 
ingredients 
1 0.5 340 170 821.28 4.98 
7.8 1.95 662 165.5 
2.64 1.32 383 191.5 
4.6 0.01 229 0.68 
0.2 0.5 67 167.5 
5.81 0.5 596 59.6 
5.09 0.2 655 66.5 
Pulses and legumes 
Table 7 
Final amount of energy and iron in ingredients required for preparation of pulses and legumes 
Pulses and Ingredients Weight of Amount of macronutrients per Amount of 
legumes the 100 grams of edible portion of iron in 
ingredients the ingredients milligrams 
in grams Carbohydrate Protein Fat per 100 grams 
of edible 
portion of the 
ingredients 
Pre Cumin 1 36.6 18.7 15 11.7 
cooked seeds 
weights of Mustard 0.5 23.8 20 39.7 7.9 
all the seeds 
pulses and Black gram 2 59.6 24 1.4 3.8 
legumes Turmeric 0.1 69.4 6.3 5.1 67.8 
=100 powder 
grams Coriander 1 6.3 3.3 0.6 1.42 
leaves 
Curry 0.28 18.7 6.1 1 0.93 
leaves 
Onion 25 9.34 1.1 0.1 0.21 
Chilli 1 31.6 15.9 6.2 2.3 
powder 
Salt 1 - - - 0.186 
Tamarind 25 67.4 3.1 0.1 17 
juice 
Jaggery 10 95 0.4 0.1 2.64 
(Sugarcane) 
Ginger 2.5 12.3 2.3 0.9 3.5 
Garlic 2.5 29.8 6.3 0.1 1.2 
Garam 5 22 11.5 4 1.2 
masala 
powder 
Oil 5 - - 100 -
Green chilli 6.56 3 2.9 0.6 4.4 
Amount of Amount of Amount of Total amount Total 
iron in energy in energy in of energy in amount of 
milligrams kilocalories kilocalories kilocalories iron in 
present in per 100 grams present in the in the recipe milligram 
ingredients to of edible ingredients to present in 
prepare the portion of the prepare the the recipe 
recipe ingredients recipes 
0.117 356 3.56 186.58 31.66 
0.07 541 2.7 
0.07 347 6.94 
0.67 349 0.349 
0.01 44 0.44 
0.0002 108 0.3 
0.05 40 0.1 
0.02 246 2.46 
0.00186 
4.25 283 70.75 
0.26 383 38.3 
0.08 67 1.67 
0.03 145 3.62 
0.06 170 8.5 
900 45 
0.28 29 1.9 
Table 8 
FI if zna amount 0 energyan 










Red gram 100 
dhal 
Lentils 100 
Iron znpu ses an dl egumes 
Amount of macronutrients per 100 
grams of edible portion of the 
in17edients 
Carbohydrate Protein Fat 
59.8 20.8 5.6 
59.9 24.5 1.2 
57.6 22.3 1.7 
59 25.1 0.7 
Amount of iron in Amount of energy in Total amount of energy in Total amount of iron in 
milligrams per 100 kilocalories per 100 kilocalories in the recipe+ milligram present in the 
grams of edible grams of edIble Amount of energy in recipe + Amount of iron in 
portion of the portion of the pulses kilocalories per 100 grams milligrams present in 
ingredients and legumes of edible portion of the pulses and legumes to 
pulses and legumes prepare the recipe 
5.3 372 ·558.58 36.96 
3.9 348 463.83 31.31 
2.7 335 521.58 34.36 
7.58 343 529.58 39.24 
*Ingredients and methods of preparation are same for all pulses and legu.mes except the green gram dhal. Tamarind pulp is excluded from the preparation of green 
2ramdhal. 
Table 9 
Final amount of energy and iron in fenugreek leaves curry 
Dark leafy Ingredients Weight of Amount of macronutrients per Amount of Amount of Amount of Amount of Total amount Total 
vegetables the 100 grams of edible portion of lIonm lIonm energy in energy in of energy in amount of 
ingredients the ingredients milligrams milligrams kilocalories kilocalories kilocalories iron in 
in grams per 100 grams present in per 100 grams present in the in the recipe milligram 
of edible ingredients to of edible ingredients to present in 
portion of the prepare the portion of the prepare the the recipe 
ingredients recipe ingredients recipes 
Fenugreek Carbohydrate Protein Fat 450.27 6.6 
leaves Fenugreek 250 6 4.4 0.9 1.93 4.82 49 122.5 
leaves 
Green 25 59.9 24.5 1.2 3.9 0.97 348 87 
gram 
Ginger 0.5 12.3 2.3 0.9 3.5 0.01 67 0.335 
Garlic 0.5 29.8 6.3 0.01 145 0.72 
Groundnut 25 26.1 25.3 40.1 2.5 0.62 567 141.7 
j:)owder 
Salt 1 - - - 0.186 0.00186 
Chilli 1 31.6 15.9 6.2 2.3 0.02 246 2.46 
powder 
Coarinder 1 6.3 3.3 0.6 1.42 0.01 44 0.44 
leaves 
Curry 0.28 18.7 6.1 1 0.93 0.002 108 0.3 
leaves 
Turmeric 0.1 69.4 6.3 5.1 67.8 0.06 349 0.34 
powder 
Oil 10 - - 100 - 900 90 
Mustard 0.5 23.8 20 39.7 7.9 0.07 541 2.7 
seeds 
Cumin 0.5 36.6 18.7 15 11.7 0.05 356 1.78 
seeds 
Table 10 
F"l if zna amount 0 energy an 








































Am01ID.t of macronutrients per 
100 grams of edible portion of 
the ingredients 
Carbohydrate Protein Fat 
2.9 2 0.7 
12.3 2.3 0.9 
29.8 6.3 0.1 
3.92 0.88 0.2 
59.6 24 1.4 
69.4 6.3 5.1 
6.3 3.3 0.6 
18.7 6.1 1 
59.9 24.5 1.2 
31.6 15.9 6.2 
- - -
- - 100 
Amo1ID.tof Amo1ID.tof Amo1ID.tof 
ITonm iron in energy in 
milligrams milligrams kilocalories 
per 100 grams present in per 100 grams 
of edible ingredients to of edible 
portion of the prepare the portion of the 
ingredients recipe ingredients 
17.4 78.3 26 
3.5 0.17 67 
1.2 0.06 145 
0.27 0.2 18 
3.8 0.07 347 
67.8 0.06 349 
1.42 0.001 44 
0.93 0.002 108 
3.9 0.97 348 
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FI if ma amount 0 energy an 





































Amount of macronutrients per 
100 grams of edible portion of 
the ingr-edients 
Carbohydrate Protein Fat 
4.6 1.8 0.1 
36.6 18.7 15 
23.8 20 39.7 
59.6 24 1.4 
69.4 6.3 5.1 
18.7 6.1 1 
18.4 6.8 62.3 
- - -
31.6 15.9 6.2 
- - 100 
Amount of Amount of Amount of Amount of Total amount Total 
iron in iron in energy in energy in of energy in amount of 
milligrams milligrams kilocalories kilocalories kilocalories iron in 
per 100 grams present in per 100 grams present in the in the recipe milligram 
of edible ingredients to of edible ingredients to present in 
portion of the prepare the portion of the prepare the the recipe 
ingredients recipe ingredients recipes 
0.8 2 27 67.5 342.01 4.29 
11.7 0.117 356 3.56 
7.9 0.07 541 5.41 
3.8 0.07 347 6.94 
67.8 0.06 349 0.34 
0.93 0.002 108 0.3 
7.8 1.95 662 165.5 
0.186 0.00186 
2.3 0.02 246 2.46 
900 90 
Table 12 
FI if ma amount 0 energy an lron m potato curry 
Roots Ingredients Weight of Amount of macronutrients per 
and the 100 grams of edible portion of the 
tubers ingredients ingredients 
in grams Carbohydrate Protein Fat 
Potato Potatoes 250 12.44 2.57 0.1 
Onion 25 9.34 1.1 0.1 
Tomatoes 75 3.92 0.88 0.2 
Mustard 0.5 23.8 20 39.7 
seeds 
Black gram 2 59.6 24 1.4 
Turmeric 0.1 69.4 6.3 5.1 
powder 
Coriander 0.28 6.3 3.3 0.6 
Chilli 2 31.6 15.9 6.2 
powder 
Salt 2 - - -
Sesame 2 23.45 17.73 49.67 
seed 
_powder 
Groundnut 25 26.1 25.3 40.1 
powder 
Oil 15 - - 100 
Amount of Amount of Amount of 
iron in iron in energy in 
milligrams per milligrams kilocalories per 
100 grams of present in 100 grams of 
edible portion ingredient s to edible portion 
of the prepare the of the 
ingredients recipe ingredients 
3.24 8.1 58 
0.21 0.05 40 
0.27 0.2 18 
7.9 0.03 541 
3.8 0.07 347 
67.8 0.06 349 
1.42 0.003 44 
2.3 0.04 246 
0.186 0.003 
14.55 0.29 573 
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Final amount of energy and iron in cucumber 
Roots and Ingredients Weight of Amount of macronutrients per Amount of Amount of Amount of Amount of Total Total 
tubers ingredients 100 grams of edible portion of iron in iron in energy in energy in amount of amount 
in grams the ingredients milligrams milligrams kilocalories kilocalories energy in of iron in 
Cucumber Carbohydrate Protein Fat per 100 present in per 100 present in kilocalories milligram 
grams of ingredient grams of the in the present in 
edible s to edible ingredients recipe the recipe 
portion of prepare portion of to prepare 
the the recipe the the recipes 
ingredients ingredients 
Cucumber 250 2.5 0.4 0.1 0.6 1.5 13 32.5 
Cumin 1 36.6 18.7 15 11.7 0.117 356 3.56 145.03 3.16 
seeds 
Mustard 0.5 23.8 20 39.7 7.9 0.03 541 2.7 
seeds 
Chilli 1 31.6 15.9 6.2 2.3 0.02 246 2.46 
powder 
Black gram 2 59.6 24 1.4 3.8 0.07 347 6.94 
Turmeric 0.1 69.4 6.3 5.1 67.8 0.06 349 0.34 
powder 
Coriander 1 6.3 3.3 0.6 1.42 0.01 44 0.44 
leaves 
Curry 0.28 18.7 6.1 1 0.93 0.002 108 0.30 
leaves 
Lemon 10 8.63 0.38 - 0.03 0.003 25 2.5 
.. 
JUIce 
Asafoetida 0.1 67.8 4 1.1 39.4 0.03 297 0.29 
Bengal 25 59.8 20.8 5.6 5.3 1.32 372 93 
gram 
powder 
Salt 1 0.186 0.00186 
Table 14 
Final amount of energy and iron in carrot curry 
Roots Ingredients Weight of Amount of macronutrients per Amount of Amount of Amount of Amount of Total amount Total 
and the 100 grams of edible portion of iron in iron in energy in energy in of energy in amount of 
tubers ingredients the ingredients milligrams per milligrams kilocalories per kilocalories kilocalories iron in 
Carrot in grams Carbohydrate Protein Fat 100 grams of present in 100 grams of present in the in the recipe milligram 
edible portion ingredients to edible portion ingredients to present in 
of the prepare the of the prepare the the recipe 
ingredients recipe in~edients reciPes 
Cut carrot 250 10.6 0.9 0.2 1.03 2.57 48 120 
Coconut 50 18.4 6.8 62.3 7.8 3.9 662 331 545.77 7.59 
Turmeric 0.1 69.4 6.3 5.1 67.8 0.06 349 0.34 
powder 
Coriander 1 6.3 3.3 0.6 1.42 0.01 44 0.44 
leaves 
Curry 0.28 18.7 6.1 1 0.93 0.002 108 0.30 
leaves 
Chilli 1 31.6 15.9 6.2 2.3 0.02 246 2.46 
powder 
Salt 1 - - - 0.186 0.00186 
Cumin 0.5 36.6 18.7 15 11.7 0.05 356 1.78 
seeds 
Mustard 0.5 23.8 20 39.7 7.9 0.03 541 2.7 
seeds 
Black gram 25 59.6 24 1.4 3.8 0.95 347 86.75 
Table 15 
Final amount of energy and iron in onion curry 
Roots Ingredients Weight of Amount of macronutrients per Amount of Amount of Amount of Amount of Total amount Total 
and the 100 grams of edible portion of iron in iron in energy in energy in of energy in amount of 
tubers ingredients the ingredients milligrams per milligrams kilocalories per kilocalories kilocalories iron in 
Onion in grams Carbohydrate Protein Fat 100 grams of present in 100 grams of present in the in the recipe milligram 
edible portion ingredients to edible portion ingredients to present in 
of the prepare the of the prepare the the recipe 
ingredients recipe ingredients recipe 
Onion 250 9.34 1.1 0.1 0.21 0.52 40 100 337.77 1.28 
Groundnut 25 26.1 25.3 40.1 2.5 0.62 567 141.75 
powder 
Cumin 1 36.6 18.7 15 11.7 0.117 356 3.56 
seeds 
Chilli 1 31.6 15.9 6.2 2.3 0.023 246 2.46 
powder 
Salt 1 0.186 0.00186 
Oil 10 100 900 90 
Table 16 




























. b' d lron m ltter gour curry 
Weight of Amount of macronutrients per 
the 100 grams of edible portion of 
ingredients the ingredients 
mgrams Carbohydrate Protein Fat 
250 4.2 1.6 0.2 
1 36.6 18.7 15 
0.5 23.8 20 39.7 
2 59.6 24 1.4 
0.1 69.4 6.3 5.1 
1 6.3 3.3 0.6 
0.28 18.7 6.1 1 
25 95 0.4 0.1 
25 59.8 20.8 5.6 
2 - - -
2 31.6 15.9 6.2 
25 67.4 3.1 0.1 
Amount of Amount of Amount of Amount of Total amount Total 
iron in iron in energy in energy in of energy in amount of 
milligrams milligrams kilocalories kilocalories kilocalories iron in 
per 100 present in per 100 grams present in the in the recipe milligram 
grams of ingredients to of edible ingredients to present in 
edible portion prepare the portion of the prepare the the recipe 
of the recipe ingredients recipes 
ingredients 
0.61 1.52 25 62.5 341.2 8.08 
11.7 0.117 356 3.56 
7.9 0.03 541 2.7 
3.8 0.07 347 6.94 
67.8 0.06 349 0.34 
1.42 0.01 44 0.44 
0.93 0.002 108 0.3 
2.64 0.66 383 95.75 
5.3 1.32 372 93 
0.186 0.003 
2.3 0.04 246 4.92 
17 4.25 283 70.75 
Table 17 
























. b I d lron zn ott e gaur curry 
Weight of Amount of macronutrients per 
the 100 grams of edible portion of 
ingredients the ingredients 
in grams Carbohydrate Protein Fat 
250 2.5 0.2 0.1 
5 - - -
1 31.6 25.3 40.1 
15 26.1 25.3 40.1 
10 100 
1 36.6 18.7 15 
1 23.8 20 39.7 
0.1 69.4 6.3 5.1 
1 6.3 3.3 0.6 
0.28 18.7 6.1 1 
Amount of Amount of Amount of Amount of Total amount Total 
iron in iron in energy in energy in of energy in amount of 
milligrams milligrams kilocalories kilocalories kilocalories iron in 
per 100 grams present in per 100 graplS present in the in the recipe milligram 
of edible ingredients to of edible ingredients to present in 
portion of the prepare the portion of the prepare the the recipe 
ingredients recipe ingredients recipes 
0.46 1.15 12 30 237.06 1.89 
0.186 0.009 
2.5 0.025 567 5.67 
2.5 0.37 662 99.3 
900 90 
11.7 .117 356 3.56 
7.9 0.07 541 5.41 
67.8 0.06 349 0.34 
1.42 0.01 44 0.44 
0.93 0.002 108 0.3 
Table 18 
Final amount of energy and iron in brinjal (eggplant) curry 
Other Ingredients Weight of Amount of macronutrients per 
vegetables the 100 grams of edible portion of 
ingredients the ingredients 
Brinjal in grams Carbohydrate Protein Fat 
Brinjal 250 4 1.4 0.3 
Tamarind 25 67.4 3.1 0.1 
pu1p 
Sesame 25 23.45 17.73 49.67 
seeds 
powder 
Groundnut 25 26.1 25.3 40.1 
powder 
Chilli 2 31.6 15.9 6.2 
powder 
Ginger 2.5 12.3 2.3 0.9 
Garlic 2.5 29.8 6.3 0.1 
Coriander 1 6.3 3.3 0.6 
leaves 
Turmeric 0.2 69.4 6.3 5.1 
powder 
Black gram 2 59.6 24 1.4 
Mustard 0.5 23.8 20 39.7 
seeds 
Cumin 0.5 36.6 18.7 15 
seeds 
Oil 20 100 
Coconut 25 18.4 6.8 62.3 
powder 
Amount of Amount of Amount of 
iron in iron in energy in 
milligrams milligrams kilocalories 
per 100 present in per 100 grams 
grams of ingredients to of edible 
edible portion prepare the portion of the 
of the recipe ingredients 
ingredients 
0.38 0.95 24 
17 4.25 283 
14.55 3.63 573 
2.5 0.62 567 
2.3 0.04 246 
3.5 0.08 67 
1.2 0.03 145 
1.42 0.01 44 
67.8 0.13 349 
3.8 0.07 347 
7.9 0.03 541 
11.7 0.05 356 
900 























of energy in 
kilocalories 






























. b db lron m roa eans curry 
Weight of Amount of rnacronutrients per 
ingredients 100 grams of edible portion of 
in grams the ingredients 
Carbohydrate Protein Fat 
250 7.2 4.5 0.1 
1 31.6 15.9 6.2 
10 100 
0.1 69.4 6.3 5.1 
2 59.6 24 1.4 
0.5 36.6 18.7 15 
0.5 23.8 20 39.7 
Amount of Amount of Amount of Amount of Total amount Total 
lIonm iron in energy in energy in of energy in amount of 
milligrams milligrams kilocalories kilocalories kilocalories iron in 
per 100 grams present in per 100 grams present in the in the recipe milligram 
of edible ingredients to of edible ingredients to present in 
portion of the prepare the portion of the prepare the the recipe 
ingredients recipe ingredients recipe 
1.4 3.5 48 120 224.22 3.73 
2.3 0.02 246 2.46 
900 90 
67.8 0.06 349 0.34 
3.8 0.07 347 6.94 
11.7 0.05 356 1.78 
7.9 0.03 541 2.7 
Table 20 
Final amount of energy and iron in cauliflower curry 
Other Ingredients Weight of Amount of macronutrients per 
vegetables the 100 grams of edible portion of 
ingredients the ingredients 
Cauliflower in grams Carbohydrate Protein Fat 
Cauliflower 225 4 2.6 0.4 
Onion 25 9.34 1.1 0.1 
Tomatoes 75 3.92 0.88 0.2 
Cumin 1 36.6 18.7 15 
seeds 
Mustard 0.5 23.8 20 39.7 
seeds 
Black gram 2 59.6 24 1.4 
Turmeric 0.1 69.4 6.3 5.1 
~owder 
Coriander 0.1 6.3 3.3 0.6 
leaves 
Curry 0.28 18.7 6.1 1 
leaves 
Green_gram 25 59.9 24.5 1.2 
Chilli 1 31.6 15.9 6.2 
powder 
Salt 1 
Oil 10 100 
Amount of Amount of Amount of 
iron in iron in energy in 
milligrams milligrams kilocalories 
per 100 present in per 100 grams 
grams of ingredients to of edible 
edible portion prepare the portion of the 
of the recipe ingredients 
ingredients 
1.23 2.76 30 
0.21 0.05 40 
0.27 0.2 18 
11.7 0.117 356 
7.9 0.03 541 
3.8 0.07 347 
67.8 0.06 349 
1.42 0.0001 44 
0.93 0.0002 108 
3.9 0.97 348 
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Final amount of energy and iron in okra curry 
Other Ingredients Weight of Amount of macro nutrients per Amount of Amount of Amount of Amount of Total amount Total 
vegetables the 100 grams of edible portion of iron in iron in energy in energy in of energy in amount of 
ingredients the ingredients milligrams milligrams kilocalories kilocalories kilocalories iron in 
Okra in grams Carbohydrate Protein Fat per 100 grams present in per 100 grams present in the in the recipe milligram 
of edible ingredients to of edible ingredients to present in 
portion of the prepare the portion of the prepare the the recipe 
ingredients recipe ingredients recipe 
Okra 250 6.4 1.9 0.2 0.35 0.87 35 87.5 419.71 1.43 
Oil 20 100 900 180 
Groundnut 25 26.1 25.3 40.1 2.5 0.5 567 141.75 
powder 
Onion 20 9.34 1.1 0.1 0.21 0.04 40 8 
Salt 1 0.186 0.00186 
Chilli 1 31.6 15.9 6.2 2.3 0.02 246 2.46 
powder 
Table 22 
Amount of energy and iron in 100 grams of fruits 
Nameofthe Weight of the Amount of macronutrients in 100 grams of the edible Amount of iron in milligrams in Amount of energy in kilocalories of 100 
fruits fruits portion of the fruit 100 grams of the fruit grams of the edible portion offruit 
Carbohydrate Protein Fat 
Apple 100 13.81 0.26 0.17 0.12 52 
Banana 100 22.4 1.09 0.33 0.26 89 
Dates 100 33.8 1.2 0.4 0.96 144 
Grapes (green) 100 17.15 0.63 0.35 0.29 67 
Guava 100 14.32 2.55 0.95 0.26 68 
Mango 100 17 0.51 0.27 0.13 65 
Watermelon 100 7.55 0.61 0.15 0.24 30 
Orange 100 10.9 0.7 0.2 0.32 48 
Pomegranate 100 18.7 1.67 1.17 0.3 83 
Papaya 100 9.81 0.61 0.14 0.1 39 
Pineapple 100 13.12 0.54 0.120 0.29 50 
Table 23 
Final amount of energy and iron in chicken curry 
Meat Ingredients Weight of Amount of macronutrients per Amount of Amount of Amount of Amount of Total amount Total 
products the 100 grams of edible portion of iron in lIonm energy in energy in of energy in amount of 
ingredients the ingredients milligrams milligrams kilocalories kilocalories kilocalories lIonm 
Chicken in grams Carbohydrate Protein Fat per 100 grams present in per 100 grams present in the in the recipe milligram 
curry of edible ingredients to of edible ingredients to present in 
portion of the prepare the portion of the prepare the the recipe 
ingredients recipe ingredients recipes 







Onion 100 9.34 1.1 0.1 0.21 0.21 40 40 
Garlic 25 29.8 6.3 0.1 1.2 0.3 145 36.25 
Ginger 10 12.3 2.3 0.9 3.5 0.35 67 6.7 
Coconut 75 18.4 6.8 62.3 7.8 5.85 662 496.5 
powder 
Coriander 15 21.6 14.1 16.1 7.1 1.06 288 43.2 
J)owder 
Cinnamon 2 80.59 3.99 1.24 8.32 0.16 247 4.94 
Turmeric 10 69.4 6.3 5.1 67.8 6.78 349 34.9 
powder 
Cloves 0.5 46 5.2 8.9 11.7 0.05 286 1.43 
Caraway 2 50 20 15 16.23 0.32 333 6.66 
seeds 
Chilli 25 31.6 15.9 6.2 2.3 0.57 246 61.5 
powder 
Salt 10 0.186 0.0186 
Oil 100 100 900 1000 
Mustard 10 23.8 20 39.7 7.9 0.79 541 54.1 
seeds 
Black pepper 10 49.2 11.5 6.8 12.4 1.24 304 30.4 I-" 
I-" powder a 
Table 24 





























lron In goat curry 
Weight of Amount of macronutrients per 
the 100 grams of edible portion of 
ingredients the ingredients 
in grams Carbohydrate Protein Fat 
500 18.5 13.3 
150 9.34 1.1 0.1 
25 29.8 6.3 0.1 
10 12.3 2.3 0.9 
75 18.4 6.8 62.3 
15 21.6 14.1 16.1 
2 80.59 3.99 1.24 
10 69.4 6.3 5.1 
0.5 46 5.2 8.9 
2 50 20 15 
25 31.6 15.9 6.2 
10 
150 100 
10 23.8 20 39.7 
10 49.2 11.5 6.8 
Amount of Amount of Amount of Amount of Total amount Total 
iron in iron in energy in energy in of energy in amount of 
milligrams milligrams kilocalories kilocalories kilocalories iron in 
per 100 grams present in per 100 grams present in the in the recipe milligram 
of edible ingredients to of edible ingredients to present in 
portion of the prepare the portion of the prepare the the recipe 
ingredients recipe ingredients recipes 
2.5 l2.5 194 970 2750.33 29.88 
0.21 0.31 40 60 
1.2 0.3 145 36.25 
3.5 0.35 67 6.7 
7.8 5.85 662 496.5 
7.1 1.06 288 43.2 
8.32 0.16 247 4.94 
67.8 6.78 349 34.9 
11.7 0.05 286 1.43 
16.23 0.32 333 6.66 
2.3 0.57 246 61.5 
0.186 0.0186 
900 1350 
2.5 0.79 541 54.1 
12.4 1.24 304 30.4 
Milk and its products 
Table 25 
Final amount of energy and iron in butter milk 
Milk and Ingredients Weight of Amount of macronutrients per 
its the 100 grams of edible portion of 
products ingredients the in§edients 
Butter in grams Carbohydrate Protein Fat 
milk 
Butter 200 0.5 0.8 1.1 
milk 
Salt 5 
Cumin 1 36.6 18.7 15 
seeds 
Lemon 5 8.63 0.38 -
juice 
Table 26 
Final amount of energy and iron in curd (yogurt) 
Amount of Amount of Amount of 
iron in rronm energy in 
milligrams per milligrams kilocalories per 
100 grams of present in 100 grams of 
edible portion ingredients to edible portion 
of the prepare the of the 
ingredients recipe ingredients 
0.1 0.2 15 
0.186 0.009 
11.7 0.117 356 
0.03 .0001 25 
Milk and its Weight in Amount of macronutrients per 100 grams of Amount of Amount of Amount of 
products grams edibleportion of the curd iron in iron in energy in 
Carbohydrate Protein Fat milligrams milligrams kilocalories 
per 100 present in per 100 
grams of 250 grams of grams of 
curd curd curd 
Curd (Cow 250 3 3.1 4 0.2 0.5 60 
Milk) 
Amount of Total amount Total 
energy in of energy in amount of 
kilocalories kilocalories rronm 
present in the in the recipe milligram 
ingredients to present in 
prepare the the recipe 
recipe 










Final amount of energy and iron in kadhi 
Milk and Ingredients Weight of Amount of macronutrients per Amount of Amount of Amount of Amount of Total amount Total 
its the 100 grams of edible portion of iron in iron in energy in energy in of energy in amount of 
products ingredients the ingredients milligrams per milligrams kilocalories kilocalories kilocalories iron in 
in grams Carbohydrate Protein Fat 100 grams of present in per 100 grams present in the in the recipe milligram 
edible portion ingredients to of edible ingredients to present in 
Sour of the prepare the portion of the prepare the the recipe 
kadhi ingredients recipe ingredients recipes 
Sour 250 3 3.1 4 0.2 0.5 60 150 343.03 3.01 
yogurt 
Coconut 7 18.4 6.8 62.3 7.8 0.54 662 46.34 
powder 
Ginger 2.5 12.3 2.3 0.9 3.5 0.08 67 1.67 
Green 2.5 3 2.9 0.6 4.4 0.11 29 0.72 
chilli paste 
Poppy 0.5 36.8 21.7 19.3 15.9 0.07 408 2.04 
seeds 
Coriander 1 6.3 3.3 0.6 1.42 0.01 44 0.44 
leaves 
Curry 0.28 18.7 6.1 1 0.93 0.0002 108 0.3 
leaves 
Bengal 25 59.8 20.8 5.6 5.3 1.32 372 93 
gram 
powder 
Oil 5 100 900 45 
Cumin 0.5 36.6 18.7 15 11.7 .05 356 1.78 
seeds 
Turmeric 0.5 69.4 6.3 5.1 67.8 .33 349 1.74 
powder 
Table 28 
Final amount of energy and iron in coffee 
Milk and Ingredients Weight of Amount of macronutrients per Amount of Amount of Amount of Amount of Total Total 
its the 100 grams of edible portion of iron in iron in energy in energy in amount of amount 
products ingredients the ingredients milligrams milligrams kilocalories kilocalories energy in of iron in 
Coffee in grams Carbohydrate Protein Fat per 100 present in per 100 present in kilocalories milligram 
grams of ingredients grams of the in the present in 
edible to prepare edible ingredients recipe the recipe 
portion of the recipe portion of to prepare 
the the the recipes 
ingredients ingredients 
Cow milk 250 4.4 3.2 4.1 0.2 0.5 67 167.5 252.75 0.5 
Granulated 15 99.98 0.01 0.0001 387 58.05 
sugar (Cane) 
Coffee 10 57 11 272 27.2 
powder 
Table 29 
Final amount of iron and energy in tea 
Milk and Ingredients Weight of Amount of macronutrients per Amount of Amount of Amount of Amount of Total Total 
its the 100 grams of edible portion of iron in iron in energy in energy in amount of amount 
products ingredients the ingredients milligrams milligrams kilocalories kilocalories energy in of iron in 
in grams Carbohydrate Protein Fat per 100 present in per 100 present in kilocalories milligram grams of ingredients grams of the in the present in 
edible to prepare eillble ingredients recipe the recipe 
Tea portion of the recipe portion of to prepare 288.25 0.5 
the the the recipes 
ingredients ingredients 
Milk 250 4.4 3.2 4.1 0.2 0.5 67 167.5 
Sugar 25 99.98 0.01 0.0002 387 96.75 
Tea powder 20 9 19 120 24 
Miscellaneous 
Table 30 
Final amount of energy and iron in onion chutney 
Chutney Ingredients Weight of Amount of macronutrients per 
products the 100 grams of edible portion of 
ingredients the ingredients 
Onion in grams Carbohydrate Protein Fat 
Onions 50 9.34 1.1 0.1 
Salt 2.5 
Chilli 0.5 31.6 15.9 6.2 
powder 
Cumin 0.5 36.6 18.7 15 
seeds 
















Amount of Amount of Amount of Total Total 
lIon ill energy in energy in amount of amount of 
milligrams kilocalories kilocalories energy in iron in 
present in per 100 present in kilocalories milligram 
ingredients grams of the in the present in 
to prepare edible ingredients recipe the recipe 
the recipe portion of to prepare 
the the recipe 
ingredients 
0.1 40 20 24.75 0.49 
0.0004 
0.01 246 1.23 
0.05 356 1.78 
0.33 349 1.74 
Table 31 














. d h lron m conan er c utney 
Weight of Amount of macronutrients per Amount of 
the 100 grams of edible portion of rronm 
ingredients the ingredients milligrams 






100 6.3 3.3 0.6 1.42 
10 67.4 3.1 0.1 17 
0.5 69.4 6.3 5.1 67.8 
0.5 0.186 
6.5 3 2.9 0.6 4.4 
Amount Amount of Amount of Total Total 
ofironm energy in energy in amount of amount of 
milligrams . kilocalories kilocalories energy in iron in 
present in per 100 present in kilocalories milligram 
ingredient grams of the in the present in 
s to edible ingredients recipe the recipe 
prepare portion of to prepare 
the recipe the the recipes 
ingredients 
1.42 44 44 75.88 3.73 
1.7 283 28.3 
.33 349 1.7 
0.0009 
.28 29 1.88 
Table 32 
Final amount of energy and iron in chilli chutney 
Chutney Ingredients Weight of Amount of macronutrients per Amount of Amount of Amount of Amount of Total Total 
products ingredients 100 grams of edible portion of iron in iron in energy in energy in amount of amount of 
in grams the ingredients milligrams milligrams kilocalories kilocalories energy in iron in 
Chilli Carbohydrate Protein Fat per 100 present in per 100 present in kilocalories milligram 
grams of ingredients grams of the in the present in 
edible to prepare edible ingredients recipe the recipe 
portion of the recipe portion of to prepare 
the the the recipes 
ingredients ingredients 
Green 250 3 2.9 0.6 4.4 11 29 7.25 504.4 26.94 
chillies 
Salt 30 0.186 0.00186 
Turmeric 10 69.4 6.3 5.1 67.8 6.78 349 34.9 
powder 
Tamarind 50 67.4 3.1 0.1 17 8.5 283 141.5 
. pulp 
Jaggery 25 95 0.4 0.1 2.64 0.66 383 95.75 
(sugarcane) 
Oil 25 100 900 225 
Table 33 













d· t h Iron zn gar IC C utney 
Weight of Amount of macronutrients per 
the 100 grams of edible portion of 
ingredients the ingredients 
in grams Carbohydrate Protein Fat 
250 29.8 6.3 0.1 
15 
10 69.4 6.3 5.1 
0.5 36.6 18.7 15 
0.5 31.6 15.9 6.2 
Final amount of energy and iron in ginger chutney 
Chutney Ingredients Weight of Amount of macronutrients per 
products the 100 grams of edible portion of 
ingredients the ingredients 
in grams 
Ginger Carbohydrate Protein Fat 
Ginger 250 12.3 2.3 0.9 
Salt 30 
Turmeric 5 69.4 6.3 5.1 
Chilli 25 31.6 15.9 6.2 
powder 
Jaggery 50 95 0.4 0.1 
(Sugarcane) 



























Amount of Amount of Amount of Total Total 
iron in energy in energy in amount of amount of 
milligrams kilocalories kilocalories energy in iron in 
present in per 100 present in kilocalories milligram 
ingredients grams of the in the present in 
to prepare edible ingredients recipe the recipe 
the recipe portion of to prepare 
the the recipe 
ingredients 
3 145 362.5 400.4 9.84 
0.00186 
6.78 349 34.9 
0.05 356 1.78 
0.01 246 1.23 
Amount of Amount of Amount of Total amount 
iron in energy in energy in of energy in 
milligrams kilocalories kilocalories kilocalories 
present in per 100 grams present in the in the recipe 
ingredients to of edible ingredients to 
prepare the portion of the prepare the 
recipe ingredients recipes 
8.75 67 167.5 707.95 
0.00186 
3.39 349 17.45 
0.57 246 61.5 













Final amount of energy and iron in groundnut chutney 
Chutney Ingredients Weight of Amount of macronutrients per Amount of Amount of Amount of Amount of Total Total 
products the 100 grams of edible portion of iron in iron in energy in energy in amount of amount 
ingredients the ingredients milligrams milligrams kilocalories kilocalories energy in of iron in 
in grams Carbohydrate Protein Fat per 100 present in per 100 present in kilocalories milligram 
grams of ingredients grams of the in the present in 
Groundnut edible to prepare edible ingredients recipe the recipe 
chutney portion of the recipe portion of to prepare 
the the the recipe 
ingredients ingredients 
250 26.1 25.3 40.1 2.5 6.25 567 1417.5 1549.1 8.7 
Groundnut 
Salt 15 0.186 0.00186 
Garlic 20 29.8 6.3 0.1 1.2 0.24 145 29 
Chilli 20 31.6 15.9 6.2 2.3 0.46 246 49.2 
powder 




Tables Developed for Each of the Subgroups of the Ten Food Groups with the Amount of 
Energy in Kilocalories and Iron in Milligrams 
Present in Each of the Different Serving Sizes 
Table 1 
Amount of energy in kilocalories present in different serving sizes of cereals and grain products 
Food groups Name of Total weight Total amount Amount of energy in kilocalories present in different serving sizes 
food item of flour in of energy in Small (8 em) Small- Medium (16 Medium- Large (24 
grams to kilocalories medium(12 em) large(20 em) em) 
prepare the to prepare the em) 
flour flour 
Cereals and Bajra 100 361 39.71 54.15 68.59 90.25 108.3 
grain wheat 102.2 382.56 33.68 52.4 71.12 86.09 119.7 
products Jowar 100 349 38.39 52.35 66.31 87.25 104.7 
WheatLPury 38.2 149.02 248.7 
Table 2 
A if· . dlffi if mount 0 lron m ml 19rams present m l erent servmg Slzes 0 l d d cerea s an gram pro ucts 
Food groups Name of Total weight Total amount Amount of iron in milligrams present in different serving sizes 
food item of flour in of iron in Small (8 em) Small- Medium (16 Medium- Large (24 
grams to milligrams to medium(12 em) large(20 em) em) 
prepare the prepare the em) 
flour flour 
Cereals and Bajra 100 8 0.88 1.2 1.52 2 2.4 
grain wheat 102.2 2.61 0.22 0.35 0.48 0.58 0.81 
products Jowar 100 4.1 0.45 0.61 0.77 1.02 1.23 
Wheat (Puri) 38.2 2.61 0.23 1.74 
Table 3 
Amount of energy present in diffErent serving sizes of rice, pulses, legu_mes, dark leafy vegetables, roots and tubers 
Food groups Name of Total weight Total Amount of energy present in different serving sizes 
food item of the amount of Small (50 Small- Medium(100 Medium-
ingredients energy in g) medium(75 g) large(125 g) 
ingrarns kilocalories g) 
used to in the recipe 
prepare the 
recipe 
Rice Rice 250.5 850 169.6 255 340 424.15 
preparations Khichidi 334.58 1273.51 190.3 285.4 380.6 475.7 
Kheer 390.3 821.28 105.21 157.81 210.42 263.02 
Pulses and Bengal 188.44 558.58 148.21 222.3 296.42 370.52 
legumes ~dhal 
Green 163.44 463.83 141.89 212.84 283.79 354.74 
gramdhal 
Red gram 188.44 521.58 138.39 207.59 276.78 345.98 
dhal 
Lentils 188.44 529.58 140.51 210.77 281.03 351.29 
Dark leafy Fenugreek 315.38 450.27 71.38 107.07 142.77 178.46 
vegetables Spinach 577.48 328.18 28.41 42.62 56.82 71.03 
Cabbage 291.38 342.01 58.68 88.03 117.37 146.71 
Roots and Potato 398.88 481.73 60.38 90.57 120.77 150.96 
tubers Cucumber 291.88 145.03 24.84 37.26 49.68 62.11 
Carrot 329.88 545.77 82.7 124.08 165.44 206.8 





















A if . diffi if th mount 0 energy present m z erent servmg szzes 0 0 t bl t ·lk d h tn er vege a es, mea, mz an c u d t. eypro ucs 
Food groups Name of Total weight Total amount Amount of energy present in different serving sizes 
food item of the of energy in Small (50 g) Small- Medium(IOO Medium- Large 
ingredients in kilocalories medium(75 g) large(125 g) (150 g) 
grams used in the recipe g) 
to prepare the 
recipe 
Other Bitter gourd 333.88 341.2 51.02 76.84 102.13 127.74 153.86 
vegetables Bottle gourd 284.38 237.06 41.68 62.52 83.36 104.2 125.04 
Brinjal 381.2 784.02 102.83 154.25 205.67 257.08 308.65 
Broad beans 264.1 224.22 42.22 63.67 84.89 106.12 127.34 
Cauliflower 365.98 284.34 38.84 58.26 77.69 97.11 116.53 
Okra 317 419.71 66.2 99.3 132.4 165.5 198.6 
Meat Chicken 894.5 2585.33 144.51 216.76 289.02 361.28 433.53 
products curry 
Goat curry 994.5 2750.33 138.27 207.41 276.55 345.68 414.83 
Milk Cow milk 250 150 30 45 60 75 90 
products Buttermilk 211 34.81 8.24 12.3 16.49 20.62 24.74 
Kadhi 294.78 343.03 58.18 87.27 116.36 145.46 174.56 
Tea 295 288.25 48.85 73.28 97.71 122.13 146.56 
Coffee 275 252.75 45.95 68.93 91.9 114.88 137.86 
Amount of ener2Y present in different servin~ sizes of teaspoons 
Chutney Small (5 g) Small- Medium(10 Medium- Large 
products medium(7.5 g) large(12.5 g) (15 g) 
g) 
Onion 54 24.75 2.29 3.43 4.58 5.72 6.87 
Coriander 117.5 75.88 3.22 4.84 6.45 8.07 9.68 
Chilli 390 504.4 6.46 9.7 12.93 16.16 19.4 
Garlic 276 400.4 7.25 10.88 14.5 18.13 21.7 
Ginger 390 707.95 9.07 13.61 18.15 22.69 27.22 
Groundnut 320 1549.1 24.2 36.3 48.4 60.51 72.61 
Table 5 
Amount of iron present in different serving sizes of rice, pulses, legumes, dark leafy vegetables, roots and tubers 
Food groups Name of Total weight Total Amount of iron present in different serving sizes 
food item of the amount of Small (50 Small- Medium(100 Medium- Large 
ingredients iron in mg) medium(75 mg) large(125 (150 mg) 
in grams milligrams mg) mg) 
used to in the recipe 
prepare the 
recipe 
Rice Rice 250.5 2.5009 0.44 0.74 0.99 1.24 1.49 
preparations Khichidi 334.58 5.32 0.79 1.19 1.5 1.98 2.38 
Kheer 390.3 4.98 0.63 0.95 1.27 1.59 1.91 
Pulses and Bengal 188.44 36.96 9.8 14.71 19.61 24.51 29.4 
legumes _gramdhal 
Green 163.44 31.31 9.57 14.36 19.15 23.94 28.73 
gramdhal 
Red gram 188.44 34.36 9.11 13.67 18.23 22.79 27.35 
dhal 
Lentils 188.44 39.24 10.41 15.61 20.82 26.07 31.23 
Dark leafy Fenugreek 315.38 6.6 1.04 1.56 2.09 2.61 3.13 
vegetables Spinach 577.48 79.85 6.91 10.37 13.82 17.28 20.74 
Cabbage 291.38 4.29 0.71 1.1 1.47 1.84 2.2 
Roots and Potato 398.88 9.46 1.18 1.77 2.37 2.96 3.55 
tubers Cucumber 291.88 1.84 0.31 .47 0.63 0.78 0.94 
Carrot 329.88 7.59 1.15 1.72 2.3 2.87 3.45 
Onion 288 1.28 0.22 0.33 0.44 0.55 0.66 
Table 6 
Amount of iron present in different serving sizes of other vegetables, meat, milk and chutney products 
Food groups Name of Total weight Total amount Amount of iron present in different serving sizes 
food item of the of iron in Small (50 g) Small- Medium(100 Medium- Large 
ingredients in milligrams in medium(75 g) large(125 g) (150 g) 
grams used the recipe g) 
to prepare the 
recipe 
Other Bitter gourd 333.88 8.08 1.21 1.81 2.42 3.02 3.63 
vegetables Bottle gourd 284.38 1.89 0.33 0.49 0.66 0.83 0.94 
Brinjal 381.2 11.84 1.55 2.32 3.1 3.88 4.65 
Broad beans 264.1 3.73 0.7 1.05 1.41 1.76 2.11 
Cauliflower 365.98 4.28 0.58 0.87 1.16 1.46 2.25 
Okra 317 1.43 0.22 0.33 0.44 0.55 0.66 
Meat Chicken 894.5 22.53 1.25 1.88 2.51 3.14 3.77 
products curry 
Goat curry 994.5 29.88 1.5 2.25 3 3.75 4.5 
Milk Cow milk 250 0.5 0.1 .15 .2 .25 .3 
products Buttermilk 211 0.34 0.08 .12 0.16 0.2 0.24 
Kadhi 294.78 3.01 0.51 0.76 1.02 1.27 1.53 
Tea 295 0.08 0.127 0.16 O. 0.211 0.25 
Coffee 275 0.5 0.09 0.13 0.18 0.22 0.27 
Amount of iron present in different servin2 sizes of teaspoons 
Chutney Small (5 mg) Small- Medium(10 Medium- Large 
prodncts medium(7.5 mg) large(12.5 (15 mg) 
mg) mg) 
Onion 54 0.49 0.04 0.06 0.09 0.11 0.13 
Coriander 117.5 3.73 0.15 0.23 0.31 0.39 0.47 
Chilli 390 26.94 0.34 0.51 0.69 0.86 1.03 
Garlic 276 9.84 0.17 0.26 0.35 0.44 0.53 
Ginger 390 14.03 0.17 0.26 0.35 0.49 0.53 
Groundnut 320 8.7 0.13 0.2 0.27 0.33 0.40 
Table 7 
if Amount 0 energy an d iron present in diffi if h fru  erent serving sizes 0 t e it 
Food Name of the Amount of energy in 100 Amount of iron in 100 Amount of energy in different Amount of iron in different serving 
group fruit grams of edible portion grams of edible portion serving sizes of the fruit sizes of the fruit 
of the fruit of fruit Small Medium Large Small Medium Large 
(50 gm) (100 gm) (150 gm) (50 gm) (100 gm) (150 gm) 
Serving sizes were determined by raw weight of the fruit Serving sizes were determined by 
raw weight of the fruit 
Fruits Apple 52 0.26 26 52 78 0.13 0.26 0.39 
Banana 89 1.09 44.5 89 133.5 0.54 1.09 1.63 
Guava 68 0.26 34 68 102 0.13 0.26 0.39 
Orange 48 0.32 24 48 72 0.16 0.32 0.48 
Serving sizes were determined by weight measure of cup Serving sizes were determined by 
weight measure of cup 
Fruits Dates 144 0.96 72 144 216 0.48 0.96 1.44 
Grapes 67 0.29 33.5 67 100.5 0.14 0.29 0.43 
(green) 
Mango 65 0.13 32.5 65 97.5 0.06 0.13 0.19 
Pomegranate 83 0.3 41.5 83 124.5 0.15 0.3 0.45 
Serving sizes were determined by weight measure of the slice Serving sizes were determined by 
weight measure of the slice 
Fruits Papaya 39 0.1 19.5 39 58.5 0.05 0.1 0.15 
Pineapple 50 0.29 25 50 75 0.14 0.29 0.43 
Watermelon 30 0.24 15 30 45 0.12 0.24 0.36 
127 
Appendix E 
English Version of the Food Frequency Questionnaire 
T.~,r~~rch has.b.~e~ :approve~: by the ~~-~t~tl~_:~':,~~ :~e~Uiied'by-theCode of, 
:'Fede'l'al Regulati()ns 'I'llic 45 Part 46. .' . '" 
1. Your age 




0 17 or older 
2. You are: o Male o Female 
3. Year of school or college you are currently in 




0 12th or higher 
4. What is your height in centimeters 
0 <130 centimeters 
0 130-139 centimeters 
0 140-149 centimeters 
0 l50-159centimeters 
0 160-169 centimeters 
0 170-179 centimeters 
0 180-189 centimeters 
0 > 190 centimeters 
5. What is your weight in kilograms 
0 < 30 kilograms 
0 30-39 kilograms 
0 40-49 kilograms 
0 50-59 kilograms 
0 60-69 kilograms 
0 70-79 kilograms 
0 80-89 kilograms 
0 >90 kilograms 
6. Number of times you eat meals or snacks in a day 
0 Once 
0 Two times 
0 Three times 
0 Four times 
0 Five times 
0 Six times or more 
7. How is your meal pattern in a day 
0 Morning breakfast 
0 Afternoon lunch 
0 Mid day snack 
0 Evening snack 
0 Dinner 
8. What is the hour difference in between each meal or snack 
0 1-2 hours 
0 2-3 hours 
0 3-4 hours 
0 4-5 hours 
0 5-6 hours 
0 More than 6 hours 
Eggs, chicken, mutton and other meats. (Circle your response to 
all that apply) 
9. Choose all of the following you ro=only consume. 
o Egg 
0 Chicken 
0 Goat meat 
0 Sheep meat 
0 Other meats 
0 None of the above 
10. Check all forms of preparations of egg you consume 
o Boiled (ubalke) 
o Omelet (egg roti) 
o Scrambled (bhUJji) 
o Raw (Khacha) 
o None of the above 
11. How many times do you consume egg? 
o Never 
o Less than one egg per month 
o 1-3 eggs per month 
o One egg per week 
o 1-3eggs per week 
o 2-4 eggs per week 
o 5-6 eggs per week 
o 1 egg per day 
12. Choose all parts of goat meat you like to consume 
o Lean muscle 
0 Liver 
0 Heart 
0 Bone marrow 
0 None 
Milk and milk products. (Circle all that apply.) 
13. What kinds of milk do you often ronsume 
o Buffalo milk 
o Cow milk 
o Goat milk 
o Sheep milk 
o None 
14. Average size of cup or glass you use to consume milk 
o Small cup 
o Medium cup 
o Large cup 
o Small glass 
o Medium glass 
o Large glass 
15. How often do you consume milk? 
o Never 
o Less than once per month 
o One cup or glass per month 
o 1-3 cups or glasses per month 
o 2-4 cups or glasses per week 
o 5-6 cups or glasses per week 
o 1 cup or glass per day 
o 2-3 cups or glasses per day 
o 4 or more cups or glasses per day 

















19. Please check the columiJ.s that describe the food items you eat with their sizes on a monthly, weekly or daily basis. (Tick mark the respective column boxes) 
Pictures Name Sizes you eat Check the column that describes the food 
Chapatti 











(kakadi bhaji or 
raw) 
Carrot (ga]ar 
bhaji or raw) 
Onion (kanda 
bhaji or raw) 
Sizes you eat Don't eat 
~--~~~~--,,~~---.~~~--~-----r----=-~~~--~---.------~~~~~~------,-------~----~--------~ generruly 
Check the column that describes the food 
Pictures 










































HlU'llLlLlY, weekly or Don't eat 
generally 
Pictures 















Sizes you eat. Check the column that describes number of teaspoons you eat on monthly, Don't eat 
rs~illl~~~~-r~~~~rr~~~-r~~e-~~~~~~~~~~=r====~~~~~~~~b~as:i:s===r====~~~~~~~~==~ generally I Small 
